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PREFACE 

This document is the second revision of the Goddard Trajectory 
Determination System ( G T D S )  User's Guide. It supersedes the 
previous issue, document number CSC/SD-85/6738. This revision 
reflects changes stemming from the replacement of the Goddard 
Space Flight Center (GSFC) Flight Dynamics Facility (FDF) IBM 
S/360 computer with NAS A S / 8 0 4 0  computers. Software upgrades 
made to GTDS since the previous version of the document was 
issued are also reflected whenever those changes affect user 
input or system output. This revision also includes enhance- 
ments made for TCOPS'Release 3 -  

149 
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ABSTRACT 

This user's guide describes the card input needed to run the 
Goddard Trajectory Determination System (GTDS). The de- 
scription encompasses GTDS capabilities, the input cards 
[including the Flight Dynamics Facility (FDF) Operating 
System/Virtual Storage 2 (OS/VSZ) job control language 
( J C L ) ]  that must be supplied to invoke those capabilities 
and the printer reports that result from GTDS executions. 
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SECTION 1 - INTROElUCTION 

The Goddard Trajectory Determination System (GTDS) is a col- 
lection of related computer programs that provides opera- 
tional support for Earth, lunar, and interplanetary missions 
and serves as a research and development tool. This user’s 
guide enables GTDS users to prepare, with minimum effort, 
the data necessary for executing any GTDS program. This 
guide is also a compendium of GTDS program capabilities. 

GTDS fulfills the orbit determination and tracking data 
validation functions of the Trajectory Computation and 
Orbital Products System (TCOPS), which collects, stores, and 
processes metric tracking data for purposes of spacecraft- 
orbit product data generation. TCOPS is implemented on the 
National Advanced Systems (NAS) AS/8040 computers of the 
Goddard Space Flight Center (GSFC) Flight Dynamics Facility 
(FDF) - 
This user’s guide contains Sections 1 through 5 ‘and 
Appendixes A through H. . 

1.1 MAJOR CAPABILITIES 

GTDS capabilities cover wide areas of computational require- 
ments for mission support and mission analysis- The system 
is subdivided as follows: 

0 Ephemeris Generation (EPHEM) Program 
0 Differential Correction (DC) Program 
0 Filter (FILTER) Program (Not currently available) 
0 Early Orbit Determination (EARLYORB) Program 
0 Data Simulation (DATASIM) Program 
0 Error Analysis (ANALYSIS) Program 
0 Ephemeris Comparison (COMPARE) Program 

1-1 
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0 Data Management (DATAMGT) Program 
0 Permanent File Report Generation (FILERPT) Program 
0 Thrust Parameter Modeling (THMODEL) Program 

The Ephemeris Generationd Program propagates the vehicle 
state and state partial derivatives from prescribed initial 
conditions over a given timespan. To meet varying precision 
and efficiency requirements, several orbital theories are 
provided, ranging from a first-order analytic theory to a 
high-precision Cowell numerical integration. The state 
transition matrix can also be generated, either by analytic 
approximation or by precision numerical integration of the 
variational equations. Output is generated on an online 
printer with the spacecraft state (position and velocity) 
referenced to the indicated central body. The output can 
optionally include the state vectors related to specified 
noncentral bodies. Satellite ephemeris files can also be 
optionally generated for subsequent use by GTDS and/or other 
systems that need satellite ephemeris data. 

The DC Program estimates the values of a set of parameters, 
called solve-for variables, in a mathematical model of 
spacecraft motion. These parameters are determined so as to 
minimize (in a Bayesian weighted least squares sense) the 
sum of the squares of the differences between computed and 
observed trajectory data, while simultaneously constraining 
the solve-for variables to satisfy a priori estimates to 
within a specified uncertainty. Both first- and second- 
order statistics (i.e-, mean and covariance matrix) are 
determined for the estimated parameters. 

The FILTER Program is not currently supported in the 
operational versiom of GTDS. 

1-2 
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The EARLYORB Program is designed to calculate an initial 
estimate of an Earth orbit when there is no a priori esti- 
mate available to start a DC. The EARLYORB Program uses 
several selected station observations to rapidly approximate 
an initial estimate (starting vector) for the DC Program. 
A s  few as six observation measurements can be used to cal- 
culate the estimate of the spacecraft state. 

The Data Simulation Program computes, at a specified fre- 
quency, simulated observations of an Earth-centered or 
lunar-centered satellite for given sets of tracking stations 
and observation intervals. Optionally, random and bias 
errors can be applied to the observations, Observations can 
also be modified to account for the effects of atmospheric 
refraction, antenna mount errors, transponder delays, and 
light time delays. Observation files resulting from a 
DATASIM Program run can be used as input for simulations of 
GTDS mission support operations and for determining station 
tracking schedules. 

The ANALYSIS Program provides the capability to determine 
satellite state uncertainties about a given orbit as a 
function of epoch state uncertainty and observation data 
uncertainties for a given station-dependent tracking 
schedule. The ANALYSIS Program provides f o r  observation 

types modeled in the DC Program, with design flexibility to 
provide for modeling of other observation types as the pro- 
gram is expanded. 

The COMPARE Program compares two ephemerides that are input 
in the ORB1, EPHEM, or ORBIT File format. The comparison 
can be specified optionally over a particular arc or over 
the arc of overlap between the ephemerides. The radial, 
along-track, and cross-track differences or the geodetic 

149 
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latitudes, longitudes, and spheroid heights of the position 
vectors are output in tabular form to the printer. Op- 
tionally, printer plots of these differences can also be 
produced. The COMPARE Program may also be used to merge t w o  

ephemerides in the EPHEM File format. The two ephemerides 
being merged must be of the same satellite and must have an 
overlapping arc. The merged ephemeris joins the twk ephem- 
erides at the time at which the difference between the 
position vectors of the t w o  ephemerides is at a minimum. 

The primary function of the DATAMGT Program is to retrieve 
data from the GTDS permanent online data base to create 
temporary working files of data to be used by other programs 
in GTDS. In performing this function, the DATAMGT Program 
operates as a part of the program that will use the working 
working files. The DATAMGT Program may also be used to 

\ 

-. 

create working files for a future- program execution. In 
this function, called a data management run, the program 
operates as a standalone program. 

The FILERPT Program produces reports describing the data and 
models existing in the GTDS permanent online data base and 
Solar/Lunar/Planetary (SLP) Ephemeris Files. At the user's 
option, summary and/or complete reports can be obtained from 
each file. Information concerning observations, station 
positions, astrodynamic constants, potential fields, inte- 
gration coefficients, and other data files is obtainable. 

The THMODEL Program provides the capability of estimating 
thrust parameters for a short-term maneuver (firing of the 
upper stages of an expendable launch vehicle (ELV)]. The 
program outputs its result to the GTDS flight section file 
(FSF), which will be used as input t o  the EPHEM Program for 
orbit propagation through burns (invoked by the keyword 
BURNFSF) . 

1-4 
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The execution of a single GTDS program w,ill satisfy most e 
operational orbit determination requirements. Users in- 
volved in mission support, mission analysis, and research 
and development activities may, however, encounter the need 
to exercise GTDS programs in series, using output from one 
GTDS program as input to a succeeding GTDS program. To sat- 
isfy the more sophisticated needs of such users, the various 
programs can be executed in any sequence. 

When executing any of the GTDS programs, files of program 
results may be generated and saved for later use external to 
GTDS or for subsequent use by another GTDS program. These 
data files often contain satellite elements obtained from DC 
Program executions for later use as initial elements in GTDS 
DC or EPHEM'Program runs. Several types of satellite ephem- 
eris files can also be generated by these two GTDS pro- 
grams. These ephemeris files are widely used outside of 
GTDS by systems that need satellite ephemeris information. 

The GTDS programs can be executed in either a batch mode or 
an interactive mode. In the batch mode, card image input is 
submitted to the computer, which performs all GTDS process- 
ing as a background job and provides printed output at the 
conclusion of the job. In the interactitre mode, input may 
be adjust'ed and output displayed through an IBM 2250 graphic 
display device. All capabilities available in the batch 
mode are available in the interactive mode. The interactive 
mode gives the user the additional capability to examine and 
modify data during program.execution. 

0 

Historically, the GTDS batch mode has bee!n used by analysts, 
while operations personnel have used both the batch and the 
interactive modes. With the advent of TCOPS, a modified 
form of the GTDS batch mode has been introduced, providing 
users in an IBM time sharing option (TSO) environment some 
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of the flexibility formerly available only in the interac- 
tive mode. This method of using GTDS relies on the User 
Interface Manager (UIM) program of TCOPS- In addition, a 
capability for GTDS to access tracking data currently being 
collected by TCOPS exists. 

1.2 OVERVIEW OF GTDS DOCUMENTATION 

GTDS is documented in several parts to satisfy the specific 
requirements of different audiences. The GTDS Design Manual 
(Reference 1) presents d comprehensive overview of GTDS 

capabilities for the programmer who is totally unfamiliar 
with GTDS. The manual emphasizes the structure of the soft- 
ware system and the relationships among the individual com- 
ponents of the system and, hence, is most suitable as an 
introduction to G T D S  for programmers who must maintain and 
enhance the system, The manual is also helpful to the 
analyst who must be familiar with the system at the design 
level. 

The Mathematical Theory of the GTDS (Reference 2 )  presents 
mathematical models and algorithms used in GTDS and is spe- 
cifically directed to the analyst. 

This document is directed to d general audience including 
operations personnel, analysts, p.rogrammers, and data 
technicians. Although a brief description of the system is 
provided, the principal contents are descriptions of the 
specific requirements for card image input to the system. 
There are two supplements to this guide. The GTDS Graphics 
User's Guide (Reference 3 )  describes the considerations 
specifically applicable to users in the interactive environ- 
ment- The use of GTDS as a component of TCOPS is addressed 
in the TCOPS User's Guide (Reference 4). 
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This document also provides a user's manual f o r  the UIM pro- 
e 

gram, which aids the user in a TSO environment in setting up 
and executing GTDS jobs. 

Details on GTDS components are available for programming and 
maintenance personnel in GTDS Module Descriptions (Refer- 
ence 5), which provides a detailed description of subroutines 
in GTDS. Sp,ecifications for maintenance operations on the 
GTDS online data base files and individual file formats are 
collected in Testins, Reportins, and Maintenance Prosram 
(TRAMP) User's Guide (Reference 6). 

1.3 OVERVIEW OF USER'S GUIDE 

The purpose of this guide is to define all card input needed 
to run all GTDS programs in the normal (batch) mode. This 
input consists of data card decks needed by the GTDS pro- 
grams, as well as any required job control language ( J C L )  

cards. Execution of GTDS in the interactive mode would 
require all input presented in this guide, but numerous ' 

other considerations must be made in that mode of execution 
(see Reference 3). 

0 

This document presents the input data formats, units, and 
brief descriptions of the use of the data in GTDS. Mathe- 
matical algorithms are presented only when necessary to 
define an input quantity. 

Because each program is executed individually, this document 
is osganized so that the input data fos each individual 
program are collected in one place- For each program, there 
is required input as well as numerous optional input items. 
The required data are presented first- With only these 
required data, the user can obtain a basic program execution 
but the optional features will not be used. Data causing 
execution of optional features to that program are then 
introduced, and detailed information on how to invoke these 
options is presented. a 
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Section 2 of this document provides a general description of 
the card input requirements, emphasizing card input rules 
that apply to all programs. Users unfamiliar with GTDS 
should study Section 2 carefully before proceeding to other 
sections. Section 3 defines the specific input card require- 
ments for each program, starting with an explanation of the 
most simple configuration and expanding to an explanation of 
the use of all applicable options. Section 4 gives the 
specific details on the format and contents of each card.' 
Section 5 contains the JCL requirements for GTDS execution. 
The appendixes provide general quick-reference information 
for users already familiar with GTDS input requirements. 
Descriptions of GTDS printed output also appear in the 
appendixes. 

I 
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SECTION 2 - GENERAL DESCRIPTION OF INPUT REQUIREMENTS 

This section addresses the required program input cards that 
must be used to obtain a GTDS program execution. The re- 
quired program inputs are dependent on the GTDS program 
being used. This section, therefore, defines the general 
input requirements and describes in detail only those input 
cards required by every GTDS program. 

The simplest way to exercise GTDS is through the execution 
of a single GTDS program. A program input deck, which con- 
sists of a series of keyword cards, isD used to invoke the 
execution of a specific program. Each keyword card contains 
an alphanumeric identifier consisting of from one to eight 
characters (left-adjusted) in the first eight columns of the 
card: this field is followed by fields' of integer and real 
data- The alphanumeric identifier on the keyword card is 
referred to as the keyword. 

This keyword-oriented input was established in GTDS f o r  
several reasons. Each keyword name is' an acronym f o r ,  or 
the name of, some easily recognizable program option or data 
quantity. Also, several data values associated with that 
data quantity o r  option can be included on the same card. 
The u s e r  can, t h e r e f o r e ,  remember how to s p e c i f y  program 

options. In addition, this design allows f o r  a deck that is 
relatively independent of card order, thereby eliminating 
many potential user errors possible in a card-order-dependent 
deck setup. 

One of the few rules governing input card order, however, is 
that each input deck must begin with a CONTROL keyword card 
and end with a FIN keyword card. The CONTROL keyword card 
contains a field specifying the GTDS program to be executed, 
and the FIN keyword card indicates the end of the input deck. 
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I .  

The other cards in the deck depend on the particular program 
to be executed, as indicated on the CONTROL keyword card. 
Each program requires a particular number of mandatory key- 
word cards (from zero to five, depending on the program) 
that must follow the CONTROL card. In GTDS, a mandatory 
keyword always has this specific meaning. These mandatory 
keyword cards can be in any order, but all cards defined as 
mandatory f o r  a given program must be included or an error 
message will be printed and program execution will be ter- 
mina t ed . 
Following the mandatory cards, one or more subdecks can be 
included. A subdeck consists of a group of functionally 
related keyword cards that specify and invoke program op- 
tions. The subdeck is usually optional and begins with a 
subdeck identifier keyword card and ends with an END keyword 
card. All keyword cards between the subdeck identifier key- 
word and the.END keyword card must be valid keyword card 
names for that particular subdeck. Any subdecks used must 
follow all mandatory keyword cards included in the program 
input deck. The order of subdecks is restricted, however. 
If the TDROPT deck is used i t  must be the first subdeck in a 
deck. If a TDROPT subdeck is not used, then the DMOPT deck 
must be the first subdeck. The DMOPT subdeck will be the 
second subdeck whenever the TDROPT subdeck is used. (See 
Section 4 for a description of TDROPT and DMOPT.) 

The relationship between the CONTROL keyword card, mandatory 
keyword cards, subdecks, and the FIN keyword card within the 
program input deck is illustrated by the sample shown in 
Figure 2-1. A s  the figure shows, the input deck specifies 
the execution of Program 1, which uses three mandatory key- 
word cards and two subdecks. 
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VALID OPTlONS FOR A 

SU8DECK ID A 

MANDATORY KEYWORD 3 ’ 
MANOATORY K W R O  2 

UEcuTEs I PROGRAM 1 

Figure 2-1. Sample Input Deck 
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To provide flexibility to the user, several card input decks a 
can be included in the input stream to perform sequential 
execution of GTDS programs or to stack run cases. For 
example, the user may create an input deck for Program 1 and 
an input deck for Program 2 and then execute the programs 
sequentially simply by placing the input deck for Program 2 
behind the input deck for Program 1. 

The preceding paragraphs have given a general description of 
the input needed f o r  a GTDS run. If any of the instructions 
are violated, a GTDS error message will be printed and pro- 
gram execution will be terminated. The remainder of Sec- 
tion 2 describes in detail the information required on the 
keyword cards for any GTDS program execution- Section 2 - 1  
describes information on the CONTROL and FIN cards. Because 
the mandatory keyword card requirements and subdeck require- 
ments vary according to the program being executed, only 
general descriptions are presented in Sections 2 . 2  and 2 . 3 .  

Specific descriptions of mandatory keyword cards and sub- 
decks are given in Section 3. 

2.1 CONTROL AND FIN KEYWORD CARDS 

The CONTROL and FIN keyword cards, respectively, begin and 
end every program input deck. The CONTROL keyword card ini- 
tiates execution of  a specific program- The CONTROL card 
also controls printing of the input card images and provides 
a means for identifying the satellite by name and number. 
Only one GTDS program can be initiated with each CONTROL 
card. A run consisting of the execution of multiple GTDS 
programs can be executed by stacking program input decks in 
sequence, each beginning with a CONTROL card and ending with 
a FIN card. The format of the CONTROL card is (6(A8, 2X), 
A 8 ,  12, 1X. 17). The fields are defined in Table 2-1. 
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Column 

1-8 

9-10 
11-18 

19-20 
21-28 

29-30 
31-38 

39-40 
41-48 

Table 2-1- Detailed Description of the CONTROL Card 
(1 of 2) 

Field Name Description 

CONTROL CONTROL must be punched in columns 1-7; 
this initiates the GTDS program execu- 
tion. 

Program 
ident if ier 

Indicator 
for inter 
active real- 
time mode 

Indicator 
for printing 
card images 

Element 
source indi- 
cator 

Blank 
Identifies the name of the program to 
be executed. The name must be one of 
the following: 
EPHEM DATAS IM DATAMGT 
DC ANALY S I S FILERPT 
EARLYORB COMPARE 
The program identifier must be left- 
justified (there is no default). 
Blank 
Indicates real-time observation handling 
when operating in the interactive mode: 
= blank (default), nonreal-time 
= REALTIME, real-time 
The real-time mode is discussed in de- 
tail in the GTDS Graphics User's Guide 
(Reference 3). 
Blank 
Indicates whether or not input card 
images are to be printed: 
= blank (default), print all card images 
= NO-PRINT, print only erroneous card 

Blank 
Indicates if elements and epoch are to 
be passed through a COMMON block from a 
previous program execution: 
= blank (default), not passed 
= INPUT, pass initial values from 
preceding pro(gram execution 

J OUTPUT, pass final values from pre- 
ceding program execution 

= TDROUTDC, pass final TDRS elements 
from preceding TDRSS DC program 
execution 

images 
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Table  2-1- Detailed Description of the CONTROL Card 
( 2  of 2) 

Column Field Name Description 

4 9 - 5 0  

51-58 COMMON value 
restore op- 
tion 

59-60  

61-68 Satellite 

69-70 E t r o r  
name 

control in- 
dicator 

71 

The element source indicator must be 
left-justified- 
Blank 
Indicates whether or not COMMON block 
values are to be restored t o  defaulc 
a priori: 
= blank (default), do n o t  restore 
= nonblank (any character), restore 
Blank 
Specifies user satellite alphanumeric 
name 
Controls OS/VS2 IHO type error print.- 
out: 
= blank or zero (default), default t o  
OS/VS2 control 

= -1, do not print any IHO error mes- 
sages and do not terminate run for 
IHO efror types 210 through 300 

= nn (nn O), print any IHO error mes- 
sage nn times and do not terminate 
run 

Blank 
7 2 - 7 8  Satellite Indicates number by which a satellite 

number is identified; usually a 7-digit inter- 
national designator. If fewer than 
7 digits are used, right-justify the 
number. This will be the user satel- 
lite number when the TDRSS processing 
capability is invoked, 

79-80 Blank 
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Certain information is required on every CONTROL card- The 
keyword field (card columns 1 through 8) must contain the 
word CONTROL starting in card column 1.. The program identi- 
fier (card columns 11 through 18) must be one of the names 
listed in Table 2-1 and must start in column 11- The satel- 
lite number is required in columns 72 through 78. A unique 
satelqite number is assigned at the time of the satellite 
launch, and all observation data use this number as an 
identifier. The satellite number used in DC Program input 
decks must be correct as i t  will be compared with the satel- 
lite number on the observation source. The number is a 
requirement for all other program deck:s but is only used for 
printer reports. The satellite number' on the CONTROL card 
must be the user (target) satellite number for runs that 
process Tracking and Data Relay Satellite System (TDRSS) 
tracking data- (See Section 3.2.2 for further information 
on the use of TDRSS processing capabilities,) 

The remaining fields on the CONTROL calrd revert to default 
values if they are not supplied by the! user. These default 
values are defined in the description columns of Table 2-1. 

Two fields on the CONTROL card, namely, the COMMON value 
restore option field (columns 51 through 58) and the element 
source field (columns 41 through 4 8 ) ,  only apply when multi- 
ple decks are used.. These fields should be used cautiously 
even by those who are familiar with using GTDS. Following 
execution of the program specified in any deck, the GTDS 
default .a priori COMMON block values alre not generally re- 
stored. In the execution of a second program, the user may 
wish to use the values that resulted from the first program 
execution, or he may wish to restore the values to their 
system defaults, This is controlled via the COMMON value 
restore field of the CONTROL card. Am even more specific 
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requirement, to use the elements and epoch-from the previous 
program's execution, may also be satisfied by supplying the 
appropriate data in the element source field of the CONTROL 
card. The user should no'te, however, that restoring the 
COMMON block values also restores the element storage loca- 
tions, making the two options mutually exclusive. 

The F I N  keyword. as 'previously mentioned, is required as the 
last card of each program input deck. The keyword is speci- 
fied by the characters F I N  in the first three columns of the 
card. 

2.2 MANDATORY KEYWORDS 

A specific s e t  of mandatory keyword cards must be supplied 
in each program input deck. These cards generally represent 
the minimum amount of data that are required tu execute that 
program. The mandatory keyword cards must be physically 
located after the CONTROL card and can be in any order, but 
they must precede all subdeck keyword cards. All mandatory 
cards required by a specific program must be supplied to 
avoid abnormal termination of the program execution, The 
mandatory keywords associated with each program are shown in 
Appendix E. Specific mandatory keyword requirements for 
each program are presented in the detailed input description 
for each program in Section 3 .  

2.3 SUBDECKS 

A subdeck is a collection of functionally related program 
options. Every subdeck must begin with a subdeck identifier 
keyword card and must end with an END keyword card. Sub- 
decks are usually n o t  required to obtain an execution of a 

GTDS program, but they are needed t o  invoke specific options 
that the user may desire. I f  used, the subdecks must follow 
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the’mandatory cards in the deck. 
fier keyword names and the associated functions of each sub- 
deck are as follows. 

The valid subdeck identi- 

0 OGOPT--Specifies program options related to orbit 
generator functions 

0 DCOPT--Specifies options common to the DC process 

0 COMPOPT--Specifies options f o r  the ephemeris com- 
parison process 

0 DMOPT--Specifies options related to file’operations 
and data management 

0 PFROPT--Specifies options for generating permanent 
file reports 

0 TDROPT--Specifies options for the TDRSS data proc- 
essing capability 

Only specific subdecks are applicable to each program, The 
valid subdecks f o r  each program are given in Appendix E. 
For  some programs, a subdeck is required f o r  any execution 
and therefore is not optional. These cases are also noted 
in Appendix E- 

Any subdeck that is valid for a partic!ular program can be 
included in the input deck following the mandatory keyword 
cards- Subdecks can be supplied in any order within a p r o -  
gram input deck, except that if the Tf)RSS processing subdeck 
(TDROPT) and the data management option subdeck (DMOPT) are 
used, the TDROPT subdeck must precede all other subdecks: 
otherwise, the DMOPT subdeck must precede all other sub- 
decks. The DMOPT subdeck must be the second subdeck if the ’ 

TDROPT subdeck is used. 
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2.4 INSTRUCTIONS FOR FURTHER USE OF THE GUIDE 

Keeping in mind this general organization of the input deck, 
the user may now consult the individual program input de- 
scriptions in Section 3 to determine which mandatory key- 
words and subdecks should be included for a particular tun. 
These descriptions provide a list of capabilities and op- 
tions available with details on how they are to be used in 
the programs. Once the user has determined which keywords 
are to be used, he or she should consult Section 4, which 
provides details on the information required on each keyword 
card and the input forinat to be used. 

For quick reference, the user should also consult the fol- 
lowing appendixes: . 

0 'Appendix E--Required and Optional Program Input 
(mandatory keydord cards for each program, and re- 
quired and acceptable su5decks for each program) 

0 Appendix F--GTDS Keywords Functional Description 
and Cross-Reference (alphabetical listing of key- 
words and cross-referenced alphabetical listing by 
function) 
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SECTION 3 - PROGRAM INPUT DESCRIPTION 

Section 3 describes the input for each. program in GTDS. For  

each of the programs, a separate section, preceded by its 
own table of contents, describes that individual program. 
Every section contains a summary of the program function and 
the type of input data needed to satisfy that function. 
Following the summary, the required input keywords are spe- 
cified, and all optional subdecks with input keyword cards 
that a p p l y  are listed. Specific details on how to use key- 
word cards that apply to the program are also given. Sec- 
tion 4 describes in detail the actual keyword formats, and 
Appendix G shows sample program input decks. 
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TABLE OF CONTENTS FOR SECTION 3.1 

3.1 Ephemeris Generation (EPHEM) Program 

3.1.1 Ephemeris Generation Required Keywords 
3.1.2 Ephemeris Generation Optional Keywords 
3.1.2.1 Optional Data Management Keywords (DMOPT 

Su bdec k ) 
3.1.2.2 Optional Orbit Generator Keywords (OGOPT 

Subdeck) 
3.1.3 Initial Elements and Epoch 
3.1.3-1 Input Elements via Card Input 
3.1.3.2 Input Elements via GTDS Files 
3.1.3.3 Input Elements via COMMON Block 
3.1.3.4 Input Elements via PTOF 
3.1.4 Orbit Generation Selection 
3.1.5 Conversion of Osculating-to-Mean Elements 
3.1.6 Selection of Numerical Integration Method 
3.1.7 Output File Generation 
3.1.7.1 EPHEM Files 
3.1.7.1.1 Fixed-Step EPHEM Files 
3.1.?.1.2 Variable-Step EPHEM Files 
3.1.7.2 . ORB1 Files 
3.1.7.3 EDFP Files 
3.1.7-4 ORBIT Files 
3.1.8 Output File Retrieval 
3.1.9 Force Model Options and Keywords 
3.1.10 Partial Derivatives 
3-1-11 SLP Ephemeris File 
3.1.12 Flight Sectioning 
3.1.13 Printed Report Options 
3.1.14 Lifetime Study Mode 
3.1.15 Ephemeris File Output Vector Quality Report 
3.1.16 Ephemeris Elements History Plots 
3.1.17 Impact Modeling 
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3.1 EPHEMERIS GENERATION (EPHEM) PROGRAM 

The primary function of the EPHEM Program is to compute a 
time history of a spacecraft trajectory from a given set of 
initial .conditions. Typical output is in the form of a 
printer file of Cartesian coordinates and Keplerian and 
spherical orbital elements at various times during the tra- 
jectory. One can optionally output disk or tape satellite 
ephemeris files for use in the Differential Correction (DC), 
Data Simulation (DATASIM), Error Analysis (ANALYSIS), and 
COMPARE Programs. In addition, the EPHEM Program can be 
used to advance elements from the given epoch 
to store the new elements in a file 01: COMMON 
in subsequent runs. 

The input data specified for an EPHEM Program 
sified as follows: 

to another and 
block for use 

run are clas- 

e Initial elements and epoch (Section 3.1.3) 

e Orbit generation selection (Section 3.1.4) 

e Conversion of osculating-to-mean elements (Sec- 
tion 3.1.5) 

e Selection of numerical integration method (Sec- 
tion 3.1.6) 

0 Output file creation (Section 3.1.7) 

e Output file retrieval (Section 3.1.8) 

e Force model options and keywords (Section 3.1.9) 

e Partial derivatives (Section 3.1.10) 

a SLP Ephemeris File (Section 3.1.11) 

Mandatory keyword cards in the EPHEM Program specify initial 
conditions, orbit generator type and key options, principal 
integration parameters, and output parameters. If no other 
input is supplied, the EPHEM Program krill operate with 
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default values for force model and optional integration 
parameters- The default values and the procedure for modi- 
fication are discussed in Section 4 ,  Keyword Card Descrip- 
tions. The subdecks applicable to the EPHEM Program are 
DMOPT and OGOPT. 

Sections 3.1-1 and 3.1.2 list all the pecmissible keywords, 
both required and optional, that can be used in an EPHEM 
Program inpue deck, and the remaining subsections of Sec- 
tion 3.1 describe their use. 

3.1.1 EPHEMERIS GENERATION REQUIRED KGYWORDS 

All keywords required for an EPHEM Program run are listed 
below, with their functions. 

0 CONTROL--Initiates EPHEM Program run 

0 ELEMENTl*--Sets coordinate system, reference cen- 
tral body, and first three components of the state 

0 ELEMENTZ*--Sets second three components of the state 

0 EPOCH*--Specifies epoch o f  the state 

0 ORBTYPE--Sets orbit generator type and principal 
integration parameters 

0 OUTPUT.--Sets end time and print interval of program 
execution 

0 FIN--Indicates end of the program deck for the 
EPHEM Program 

The first card in the EPHEM deck must be the CONTROL keyword 
that is used to initiate the program. The mandatory key- 
words ELEMENT1, ELEMENTZ, EPOCH, ORBTYPE, and OUTPUT must 
follow the CONTROL keyword card- If any data management 

1 

These keyword cards may be omitted if epoch and elements are 
obtained from sources other than card input (see Sec- 
tion 3.1.3). 
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functions are required, these mandatory keywords must be fol- 
lowed by the DMOPT subdeck keyword, optional data management 
keywords, and the keyword END (see Section 3.1.2.1). If 
orbit generation options are required, the subdeck keyword 
OGOPT with the proper optional keywords and an END keyword 
card may then be included (see Section 3.1.2.2). The final 
card in the EPHEM Program input deck must be the FIN keyword 
card that indicates the end of the program input deck. 

This program input deck can be followed by another program 
input deck or decks that cause sequential runs of EPHEM, DC, 
or any of the other GTDS programs. 

3.1-2 EPHEMERIS GENERATION OPTIONAL KEYWORDS 

Section 3.1-2 lists all the optional keywords that may be in- 
cluded in an EPHEM Program run. 

3.1.2.1 Optional Data Manaqement Keywords (DMOPT Subdeck) 

The optional keyword cards in the DMOPT subdeck, with their 
principal functions, are as follows: 

0 DMOPT--Identifies the subdeck type as the Data Man- 
agement Subdeck 

0 Lifetime study mode (see Section 3-1-19) 

- LIFETIME--Sets the ephemeris generation f o r  

the lifetime study mode and sets an indicator 
to retrieve elements 

0 Retrieval of data base force model, integration, 
and elements data (see Section 3.8.5) 

- WORKATM--Builds Atmospheric Density Working 
File 

- WORKCON--Builds Astrodynamic Constants Working 
File 
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- WORKELS--Builds Elements Working File 

- WORKMAN--Builds Impulsive Maneuvers Working 
File 

- WORKINT--Builds Integration Coefficients 
Working File 

- WORKSECT--Builds Flight Sectioning Working File 

- WORKTCOR--Builds Time Conversion Coefficients \ 

Working File 

0 Creation of permanent or temporary SLP Ephemeris 
Files (see Section 3.8.4) 

- -  SLPBODY--Selects the central and noncentral 
bodies for generating the SLP Ephemeris File 

- SLPCOORD--Specifies 'the SLP ephemeris coordi- 
ndte system reference 

- SLPDEG--Sets the degree of curve fit for SLP 

bodies 

- SLPFILE--Indicates source of data t o  be used 
in creating the SLP working file. If a Jet 
Propulsion Laboratory (JPL) tape input is 
desired, this option can -only use the DE-19 
format input SLP tape supplied by JPL (see 
References 7 and 8). DE-96 tapes must be 
processed by TRAMP (see References 6, 9, .and 
10) I 

3.1.2.2 Optional Orbit Generator Kevwords (OGOPT Subdeckl 

The optional keyword cards in the OGOPT subdeck are as 
f 0 1 lows : 

0 OGOPT--Identifies the subdeck type a s  the Orbit 
Generation Subdeck 
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0 Change force model constants from default values 

- ATMOSDEN--Defines format of the atmospheric 
density table and specifies drag model as 
either Harris-Psiester or Jacchia-Roberts 
[Definitive Orbit Determination System (DODS) 
or GTDS format] 

- ATTANG1--Sets satellite spin axis right ascen- 
sion or yaw angle polynomial coefficients 

- ATTANGZ--Sets satellite spin axis declination 
angle or pitch angle polynomial coefficients 

- ATTANG3--Sets satellite spin axis roll angle 
polynomial coefficients 

- BDROTATE--Sets rotation rates of the planetary 
bodies 

- BODYRAD--Sets equatorial radii of the plane- 
t ary bodies 

- CNM--Sets geopotential or lunar potential 
harmonic coefficients, I C ~ , ~ ,  options and 
values 

- COVARNC--Sets upper tri(ang1e of the a priori 
state covariance matrix 

- DRAGCOF--Sets polynomial coefficients of 
. p1 by flight section 

- DRAGPAR--Updates aerodynamic drag parameters 
and sets the drag partial derivatives switch 

149 

- DRAGPOLY--Sets the number of polynomial coef- 
ficients of p1 to be solved for by flight 
section (see keyword DRAGCOF in Section 4) 
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FLATCOEF--Sets the inverse of the flattening 
coefficients of the planetary bodies 

GMCON--Sets gravitational constants for the 
planetary bodies 

HARMONIC--Reads the geopotential or lunar 
potential table 

IMPULSE--Sets impulsive maneuver velocity 
increments 

MANMASS--Sets satellite mass required to com- 
pute an impulsive maneuver 

MANTIME--Specifies the time of the impulsive 
maneuver 

NPQPAR--Sets Brouwer drag coefficients, N 
values and solve-for switches 

POTFIELD--Retrieves geopotential harmonic 
coefficients 

RAPRIME--Sets the right ascension of the prime 
meridian of specified planetary bodies 

RATIME--Sets the time associated with the 
tight ascension on the RAPRIME keyword card 

SCPARAM--Sets spacecraft area, mass, and radius 

SCPARAM2--Sets cylindrical spacecraft param- 
eters and paddle configuration 

SNM--Sets geopotential OK lunar potential 
harmonic coefficients, Sn,m, options and 
values 

SOLRDPAR--Updates solar radiation parameter, CR, 
and sets the solar radiation partial derivatives 
s w i  t ch 

. PP4 
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- SPHERE--Sets sphere of influence for the 
planetary bodies 

- TITLE--Allows input of various titles 

- THRSTCOF--Sets thrust magnitude coefficient 
data 

- THRSTVAR-.-Sets variance of thrust accelera- 
tions, vehicle right ascension and declination 

0 Change force model options (numerical and semi- 
analytic type theories only) 

- APOFOCAL--Defines the sectioning parameter to 
cross at apofocal distance 

- AUTOFORC--Sets the option for automatic force 
model selection (inclusion of resonance 
potential) 

- AVERAGE--Sets the variation of parameters 
numerical averaging option 

- CBODY--Sets central body indicators by flight 
sect ion 

- DISTCB--Sets distance from the current central 
body at which sectioning is to occur 

- DISTNCB--Sets distance from the next central 
body at which sectioning is to occur 

- DRAG--Sets force model drag option f o r  each 
flight section 

- IMPACT--Enables modelinqr of atmospheric 
density at low altitudes'; also listed as 
numerical integration option 
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MAXDEGEQ Set maximum degree and order, respec- 
tively, for evaluating the nonspheri- 
c a l  potential of the central body for 

MAXORDEQ the equations of motion 

tively, for evaluating the nonspheri- 
cal potential of the central body for 

MAXDEGVE Set maximum'degree and order, respec- 
.I 
3 MAXORDVE the variational equations 

MAXSECT--Sets number of flight sections 

NCBODY--Sets noncentral bodies for' each section 

POUR--Sets polar motion option for each sec- 
tion 

RCACB--Defines sectioning parameter radius of 
closest approach for the central body 

RCANCB--Defines sectioning parameter radius of 
closest approach for the next central body 

SOLRAD--Sets force model solar radiation 
option for each section 

SPHINF--Sets indicators for ending the current 
section if the Sphere of influence changes 

THRUST--Sets the finite thrust option for each 
section 

TOF--Sets time of flight at which sectioning 
is to occur 

TWOBODY--Sets two-body option in the force 

149 

model for'specified section 
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a Change options for the computation of partial de- 
rivatives 

- ATTPAR--Sets the number of right ascension 
and/or declination part.ia1 derivatives to be 
computed 

CNM Set the options to compute position and 

SNM 3 to C 
and velocity partial derivatives with respect 
to the aerodynamic drag model parameters 

velocity partial derivatives with respect 

n,m and 'n,m 

- 

- 
- DRAGPAR--Sets the option to compute position 

- SOLRDPAR--Sets the option to compute position 
and velocity partial derivatives with respect 
to solar radiation model parameters 

STATEPAR Set the options to compute position 
and velocity partial derivatives with 

STATETAB respect to initial state parameters 

THRSTPAR--Sets the options to compute position 
and velocity partial derivatives with respect 
to thrust magnitude parameters 

3 - 

- 

e Change numerical integration options and tolerances 

- IMPACT--Enables automatfic switch to Hull Runge- 
Kutta integrator below specified height: also 
listed as force model option 

- INTEG--Sets numerical integration parametess, 
type and order 

- INTMODE--Sets section-dependent stepsize con- 
trol switch 

149 
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LOWBOUND Set lower, nominal, and upper 
NOMBOUND truncation-error tolerances, respec- 
UPPBOUND tively, for stepsize control 

---Sets osculating-to-mean elements con- 
version option for the averaging orbit inte- 
grators 

1 - 
- 
- 
- 

r 

- RESTART--Sets numerical integra.tion starter 
met hod 

- SHELLRAD--Sets radial distances and stepsize 
for integration when’using the shell mode 

- STEPSIZE--Sets integration stepsize by flight 
sect ion 

- TIMREG--Sets the section-dependent time- 

regularization paramet-er for the time- 
regularized Cowell orbit theory . 

- TIMREGDV--Sets section-dependent, time- 
regularized stepsize parameter 

TOLER--Sets various integration tolerances 

0 Change orbit generator output options 

- EPHQLCRT--Requests printout of selected vec- 
tors from EPHEM or ORB1 Files 

- HISTPLOT--Sets element history plot options 

- HSTSCALE--Sets scales for element history plots 

- INTEROUT--Sets intermediate output options for 
the orbit generator 

- OUTBODY--Sets additional section-dependent 
o u t p u t  reference bodies 

- OUTCOORD--Sets the section-dependent coordi- 
nate system orientation for output 

149 
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- OUTOPT--Sets output options for ephemeris files 

- OUTPART--Sets output options for state partial 
derivatives 

- OUTTYPE--Sets output options f o r  orbital ele- 
ment types 

- TIMES--Sets reference date and start of print 
time 

- VAREPHEM--Sets the time intervals between data 
points of variable-step EPHEM Files by satel- 
lite height 

3.1-3 INITIAL ELEMENTS AND EPOCH 

The following four methods a r e  provided for  inputting ini- 
tial elements and epoch into an EPHEPI Program run: 

9 Punched-card input 

0 24-Hour Hold Elements File 

0 GTDS Permanent Elements File! 

0 COMMON block from a previous step within the same 
job 

0 Permanent TDRS Orbit File (PTOF) 

These methods are described in the following sections. 

3.1.3.1 Input Elements via Card 1npu.t 

The keywords ELEMENT1, ELEMENT2, and EPOCH allow punched 
card input of initial elements, (For full descriptions of 
these keyword cards, see Section 4,) 

3.1.3.2 Input Elements via GTDS Files 

Elements from a DC Program run can be stored in one of the 
two GTDS elements files, the 24-Hour Hold Elements File or 
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the GTDS Permanent Elements File. These elements can sub- 
sequently be used as input t o  an EPHEM Program run. In this 
case, a user must supply, in a DMOPT subdeck, the WORKELS 
keyword that contains the type of file and element set 
number. (For further description of this information, see 
WORKELS in Section 4 , )  When elements are supplied through 
the WORKELS keyword, the ELEMENT1 and ELEMENT2 keyword cards 
are not required. 

3.1.3.3 Input Elements via COMMON Block 

Initial elements and epoch can be passed through COMMON from 
a previous GTDS program execution within the same job step 
(e-g., a DC Program execution). The use of this option is 
explained in the description of the CONTROL keyword in Sec- 
tion 2 -  When the elements are supplied through COMMON, the 

'ELEMENT1, ELEMENT2, and EPOCH keyword cards are not required 

3.1.3.4 Input Elements via PTOF 

Input elements may be retrieved from a PTOF. In this case, 
a user must supply a WORKELS keyword card in the DMOPT sub- 
deck. The FORTRAN reference number (FRN) of the PTOF must 

be specified and must be 71, 72, or 73. Either the PTOF 
level number of the time at which to extract the elements 
(or both) also must be supplied. A level number of -1 may 
be specified if the time is specified. In this case, the 
level with the latest possible start time is accessed. If 
the time is n o t  specified and only the level number is 
supplied, the epoch vector from that level is used. (For 
further description of this information, see WORKELS in 
Section 4 ) .  When elements are retrieved from a PTOF, the 
ELEMENT1, ELEMENT2, and EPOCH keyword cards are not required. 
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3.1-4 ORBIT GENERATION SELECTION 

The orbit generation type is specified via the ORBTYPE key- 
word card, The time-regularized Cowell, Cowell, variation 
of parameters (VOP) (types 1 through I L O ) ,  Hull Runge-Kutta 
(type 13) and Chebyshev-series orbit generators are all 
high-precision, numerical integration methods. The Brouwer, 
Brouwer-Lyddane, and Vinti orbit generators are analytic 
methods. The VOP methods (types 11 through 20, excluding 
type 13) are averaged numerical integration methods. The 
Cowell time-regularization constants can be modified by 
means of the TIMREG keyword card. Options for the numeri- 
cally averaged orbit generators can be specified by the 
AVERAGE and MEANEL keyword cards. Certain data values used 
by the orbit generator may be modified by data base retrieval 
(see Section 3-2-1-20). 

3.1.5 CONVERSION OF OSCULATING-TO-MEAN ELEMENTS 

If a numerically averaged Orbit generator has been requested 
via the ORBTYPE keyword card and osculating elements have 
been input, a numerical osculating-to-mean element conver- 
sion is performed. This conversion requires the generation 
of an ORBIT File. The default method for the osculating-to- 
mean element conversion is to create the ORBIT File using 
the time-regularized Cowell orbit withi a stepsize of 
150 steps per revolution and then to average osculating ele- 
ments over one satellite revolution. The orbit generator, 
stepsize, and number of revolutions t o  be averaged over can 
be modified using the MEANEL keyword card. 

3.1.6 SELECTION OF NUMERICAL INTEGRATION METHOD 

The default numerical integration method in GTDS is a 
twelfth-order Cowell multistep integrator, The fixed step- 
size mode is the default. However, three variable stepsize 
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options are available: halving-doubling, regular vary-step, 
and the variable stepsize shell mode. Reference 2 provides 
information to assist in selecting integration options. 
These options are specified on the ORBTYPE keyword card. 
For fixed-step integration, the stepsize is also input on 
the ORBTYPE keyword card. For variable stepsize integra- 
tion, the default initial stepsize of 2 4  seconds can be 
modified by input on the ORBTYPE keyword card. For multi- 
section flights, this information is specified on the 
INTMODE, TIMREGDV, or STEPSIZE keyword card. 

The variable step size tolerances can be modified using the 
TOLER keyword card. For example, t o  change the lower trun- 
cation error bound, which is used to control stepsize in- 
creases, the following card is required in the OGOPT subdeck: 

Columns 1 - 8 11 18 - 3 8  

TOLER 2 0.I .D-12 

For multisectioned trajectories, this information is speci- 
fied on the LOWBOUND, NOMBOUND, and UPBOUND keyword cards. 

A single-step Runge-Kutta integration method is also avail- 
able in GTDS in conjunction with the Cowell Orbit theory and 
can be specified via the INTEG and ORBTYPE keyword cards. 
For example, to specify the Runge-Kutta integrator, the fol- 
lowing cards are required: 

Columns 1 - 8 11 

ORBTYPE 1 

OGOPT 

INTEG 4 
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Both multistep and single-step starting procedures are 
available for the multistep integrator. The multistep de- 
fault can be modified using the RESTART keyword. The order 
of the multistep numerical integration method can be modi- 
fied by supplying the WORKINT keyword card in a DMOPT sub- 
deck. 

In addition to the Runge-Kutta integrator available through 
the Cowell theory generator, there is a Runge-Kutta integra- 
tor with Hull coefficients available as option 13 in the 
first field of the ORBTYPE keyword card. When used in vary- 
step mode (integration step mode = 211, the integrator will 
automatically change integration stepsize to an optimal 
value based on predicted truncation error. See Reference 11 
for a description of the algorithm. While this integrator 
is useful in situations in which the force model is highly 
variable, it has a high processing cast due to repeated 
calls to the force model at every step. 

The starter stepsize control parameters, which are used in 
the variable stepsize shell mode meth.od, may be altered 
using the SHELLRAD keyword card. 

3.1.7 OUTPUT FILE GENERATION 

Four kinds of satellite ephemeris files are generated by the 
EPHEM Program: EPHEM Files, ORB1 Files, Ephemeris Data File 
Preparation (EDFP) Files, and ORBIT Files. In any EPHEM 
Program run, up to two satellite ephemeris files can be te- 
quested using the OUTOPT keyword card. 

3.1.7.1 EPHEM Files 

EPHEM Files are the principal means by which satellite 
ephemeris information is transmitted to users not performing 
orbit determination, such as users involved with tracking 
data acquisition or maneuver planning. The two types of 
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EPHEM Files -are Fixed-Step EPHEM Files and Variable-Step 
EPHEM Files. Both types consist of data records preceded by 
two header records and followed by an end sentinel record. 

3.1.7.1.1 Fixed-Step EPHEM File's 

Fixed-Step EPHEM Files contain the position and velocity of 
a satellite at points in time separated by a fixed, user- 
specified interval- This output interval can be specified 
via the OUTOPT keyword card- 

3.1.7.1-2 Vatiable-Step EPHEM Files 

Variable-Step EPHEM Files differ from Fixed-Step EPHEM Files 
only in that the time interval between the ephemeris points 
on the file is a function of satellite height above the 
Earth. The time interval is constant between the points of 
each data record, but different data records may have dif- 
ferent intervals. The specification of the minimum satel- 
lite heights corresponding to user-specified time intervals 
is accomplished using u p  to five VAREPHEM cards in the OGOPT 
subdeck. The time interval corresponding t o  the lowest sat- 
ellite heights (i-e., those between the Earth's surface and 
the lowest minimum satellite height on the VAREPHEM cards) 
is specified via the OUTOPT keyword card. 

3.1.7.2 O R B l  Files 

O R B l  Files are satellite ephemeris files that can be used as 
input t o  the DC Program for the Precision Conversion of Ele- 
ments (PCE). Like Fixed-Step EPHEM Files. O R B l  data records 
contain 5 0  points separated by a time interval specified by 
the OUTOPT keyword card; ORBl Files consist of such data 
records preceded by a header record and followed by two  

consecutive end sentinel records. 

3-18 

149 



DOC- NO. REV. NO. 
SD-8516730 2 

3-1-7-3 EDFP Files 

EDFP Files are used to transmit satellite ephemeris informa- 
tion in a PDP-11 compatible format. EDFP data records con- 
tain Chebyshev coefficients f o r  representing satellite 
position and velocity as polynomials in time (from the start 
time of the record). Unlike the other GTDS ephemeris files, 
EDFP Files represent the s'atellite ephemeris only in a body- 
fixed true-of-date (TOD) coordinate system. EDFP Files con- 
tain only a single header record followed by data records. 
EDFP Files can'only be generated when the Chebyshev orbit 
generator has been requested on the ORBTYPE keyword card. 

3.1.7.4 ORBIT Files 

The capability to generate an ORBIT File is available only 
for the Cowell and time-regularized Cowell orbit generators, 
since the information stored in the ORBIT File is unique to 
the Cowell orbit generators. The ORBIT File can be created 
either with or without partial derivatives and can be 
written as either a direct access [IB,M .FORTRAN direct access 
or GSFC direct-access input/output (DAIO) format] or a se- 
quential file. (See Section 5 for a description of the JCL 
requirements.) 

3-1.8 OUTPUT FILE RETRIEVAL 

The EPHEM Program can be used to retrieve and print the sat- 
ellite state and partial derivatives from an ORBIT File. 
This option is specified on the ORBTYI?E keyword card. 

3.1.9 FORCE MODEL OPTIONS AND KEYWORDS 

The default force model f o r  GTDS includes one section with 
the Earth as the central body and the Sun, Moon, and a 4-by 
- 4  gravity field as the perturbing forces. The definition 
of the force model and various force model parameters can be 
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modified in the OGOPT subdeck. These force model parameters 
may be modified f o r  each section of a multisection EPHEM 
Program run. 

The keywords that pertain to various force models are as 
follows. 

0 

0 

0 

0 

0 

0 

0 

3.1.10 

RAPRIME, RATIME, POLAR, BDROTATE, BODYRAD, 
FLATCOEF--Physical constants of planetary bodies - 

GMCON, NCBODY, SPHERE, CBODY--Point mass gravita- 
tional force 

MAXORDEQ. MAXDEGEQ, HARMONIC, SPHERE,.CBODY, CNM, 
SNM, ~ ~ ~ O F ~ ~ ~ - - N o n s p h e r i c a l  gravitational force 

NPQPAR, DRAG, DRAGPAR, DRAGPOLY, DRAGCOF, ATMOSDEN, 
SCPARAM. SCPARAMZ. ATTANG1, ATTANGZ, ATTANG3. 
IMPACT--Atmospheric drag 

SOLRAD, SOLRDPAR, SCPARAM, ATTANG1, ATTANGZ; 
ATTANG3--Solar radiation pressure 

THRUST, THRSTVAR, THRSTCOF, ATTANG1, ATTANGZ--Thrust 

IMPULSE, MANMASS, MANTIME--Impulsive maneuvers 

PARTIAL DERIVATIVES 

In an EPHEM Program run, the partial derivatives of the 
state with respect to any of the dynamic solve-for or con- 
sider parameters can be computed and output as part of the 
printer report or an ORBIT File. These partial derivatives 
are computed by numerically integrating the.variationa1 
equations (see MAXDEGVE and MAXORDVE keyword cards). A 
priori values may be supplied through keyword card input. 
This option is available only for the Cowell, time- 
regularized Cowell, and VOP orbit generators- (Reference 2 ,  

Chapter 5 ,  presents a detailed discussion of these orbit 
generators.) Alternatively, partial derivatives with re- 
spect to the initial state can be approximated by analytical 

1 4 9  
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two-body partial derivatives. This option is available for 
all orbit generators (TWOBODY keyword card). 

Computation of these partial derivatives is specified using 
the STATEPAR keyword card and further defined using the 
ATTPAR, DRAGPAR, SOLRDPAR, STATETAB, THRSTPAR, CNM, SNM, and 
NPQPAR keyword cards. The option to print partial deriva- 
tives is invoked through the OUTPART keyword card. 

A priori values for the state covariance matrix can be input 
using the COVARNC keyword card (see Section 3-2-1.10-1). If 
the matrix map option is selected vial the STATEPAR card, the 
covariance matrix will be mapped to alnother epoch: that is, 
it will be mapped to the end time of integration. 

3.1.11 SLP EPHEMERIS FILE 

Planetary ephemeris data are available to the EPHEM Program 
through the SLP Ephemeris File. This, file contains ephe- 
merides of selected planetary bodies, transformations from 
selenocentric to selenographic coordinates, transformations 
between the true equator and equinox of date coordinate 
system and the mean equator and equinox of 1950.0 reference 
coordinate system, and the Greenwich hour angle (GHA). The 
data on the SLP File consist of coefficients of Chebyshev 
polynomials f i t  to data obtained from an ephemeris repre- 
sentation tape provided by the JPL. 

GTDS has been provided with the optional capability to solve 
the equations of motion in either the mena equator and 
equinox of 1950.0 coordinate system or a true equator and 
equinox of "reference date" coordinate system, where the 
reference date is specified by the user. Thus, two SLP 
Files are available: the Mean of 1950.0 SLP File, which 
contains ephemeris information f o r  the mean of 1950.0 coor- 
dinate system option, and the TOD SLP File, which contains 
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information for the TOD coordinate system option, Gen- 
erally, GTDS program runs utilize the 1950.0 SLP File, Both 
1950.0 and TOD SLP Files that cover the period from January 
1974 to January 1986 are available to GTDS users, The 
appropriate SLP File is used, depending on the integration 
coordinate system specified on the ORBTYPE keyword card. 
These files include all eight planets, the Earth's Moon, and 
the Sun. Chebyshev polynomials of order 9 are used for 
planets and Sun positions, and of Order 19 and 12 for the 
Moon's position and velocity, respectively. 

There will be instances when the available SLP Files are in- 
adequate for particular applications. For example, the user 
may wish different planetary bodies t o  be included in the 
file OK may want different degree polynomials. GTDS has the 
capability of using JPL ephemeris tapes as input to create 
an SLP File cohsisting of Chebyshev coefficients (see Refer- 

. ence 12). GTDS can process a s  input a JPL ephemeris tape in 
the DE-19 or DE-96 tape format (see References 7, 8, 9, and 
10); the DE-96 tape format is the default. The DE-19 and 
DE-96 formats are not compatible s o  the GTDS user must make 
certain that the correct input JPL tape is supplied. The 
JPL DE-96 ephemeris tape format is explained in References 9 
and 10. 

To create a new file, the user must supply, in a DMOPT sub- 
deck, one or more of the following keyword cards: SLPBODY, 
SLPCOORD, SLPDEG, and SLPFILE. A JPL planetary tape (in the 
DE-19 or DE-96 format) also must be provided on unit 3 4 .  

The output SLP File will be written to unit 18. Section 4 

provides details on the use of the keyword cards, and Sec- 
tion 5 provides details on the JCL required. If an SLP File 
of more than 12 records is, created, both the JCL and the 
DEFINE FILE statement (in SUbKOUtine SETDAF) for unit 18 
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must be modified through the use of the UCLEG procedure. 
(See Section 5.3 for use of the UCLEG procedure.) 

A JPL DE-96 tape is converted to an SLP File for use in GTDS 
by use of TRAMP. The DE19 format tape cannot be processed 
by TRAMP, however. The method for creating SLP Files using 
TRAMP is described in the TRAMP User's Guide (Reference 6). 

A report of the coefficients contained on the permanent 
1950.0 and TOD SLP Files may be obtained via the FILERPT 
Program (see Section 3.9). A report of the elements com- 
puted for each body on the file from these coefficients may 
be obtained during an EPHEM Program run by using the 
SLPELRPT card described in Section 4 ,  

3.1-12 FLIGHT SECT1 ON ING 

Sectioning is a method for dividing the mission into sep- 
arate segments, wherein the integration within each segment 
operates in a COQrdinate frame referenced to a specific cen- 
tral planetary body, and wherein each segment employs in- 
dependent force model and printer output options. The 
sectioning feature is available for all GTDS integrators, 
but i t  is restricted to flights for which the integration 
span is entirely forward in time (i.e., the start time of 
integration is equal to or later than the epoch time, and 
the end time is later than the epoch thne). This option was 
originally intended for interplanetary flights. 

An EPHEM Program run can have a maximuin of 10 flight sec- 
tions specified through user input on the MAXSECT keyword 
card. If the multiple section feature is not desired, the 
EPHEM Program reverts to a single section flight, wherein 
the central body, force model, and printer output options 
used are those in effect for section one. Flights that are 
backward in time can only have one flight section. 

149 
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The particular quantities that can be varied from section to 
section include the force model, integration method and step- 
sizes, print frequency, output reference system, coordinate 
system orientation, reference body, and partial deriva- 
tives. The EPHEM Program will advance to the next section 
during the integration process when any one of a set of 
specified section end conditions is recognized. The valid 
section end conditions and their associated keywords are as 
follows: 

0 .  

0 

0 

0 

0 

0 

0 

3.1.13 

Printed 

Specified time of flight (TOF) from epoch time 

Distance from central body (DISTCB) 

Apofocal point referenced to central body of cur- 
rent section (APOFOCAL) 

Distance from central body of the next section 
( D I STNCB ) 

Radius of closest approach t o  central body of cur- 
rent section (RCACB) 

Radius of closest approach to central body of the 
next section (RCANCB) 

Change in sphere of influence from one body to 
another (SPHINF) 

PRINTED REPORT OPTIONS 

output may be controlled by keyword cards. INTEROUT 
sets the option to output intermediate values from selected 
subroutines- OUTCOORD sets the section dependent system of 
orientation. OUTBODY controls the addition of section de- 
pendent output reference bodies. OUTTYPE controls the or- 
bital element types. TIMES sets the start of print time. 
In addition, plotting options may be controlled, as speci- 
fied in Section 3.1.16. 
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3.1-14 LIFETIME STUDY MODE 

A long-range time history of a spacecraft orbit can be gen- 
erated in an EPHEM Program by invoking the lifetime study 
mode via keyword card LIFETIME. This long-term history, 
which may involve a period of many months, is basicaily an 
extended version of the usual EPHEM Program with the Life- 
time Study Report replacing the EPHEM Satellite Ephemeris 
Report and, as such, requires the mandatory EPHEM cards. 
Input vectors can be supplied from cards or from the GTDS 
Permanent Elements File; in the case of the latter, a se- 
quence of cases can be automatically run, starting and end- 
ing with the element set numbers specified by the user, and 
ELEMENT1, ELEMENT2, EPOCH, and WORKELS cards are not needed 
Details are given on the LIFETIME keyword card description 
in Section 4 .  

The Lifetime Study Report f o r  both inputs consists of the 
apogee radius, perigee radius, inclination, eccentricity, 
and inclination of orbital plane to ecliptic plane at ti.me 
intervals specified on the OUTPUT keyword card. These are 
printed until the desired end time is reached or until the 
orbit is no longer within the specified perifocal and apo- 
focal radii indicated on the LIFETIME keyword card. The 
time intervals can be negative (i-e-, integration can be 
backwards in time). If the input is from the GTDS Permanent 
Elements File, a Satellite Ephemeris Report at the end time 
will be printed, and a message indicating the end of life- 
time study cases will appear on the last EPHEM Final Report. 

For a long-range study, numerical integration methods may 
consume a large amount of central processing unit (CPU) time 
if care is not taken; this problem does not arise if an and- 
lytic orbit generator such as the Brouwer method is used. 
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3.1.15 EPHEMERIS FILE OUTPUT VECTOR QUALITY REPORT 

The Ephemeris File Output Vector Quality Report contains 
header information from EPHEM or ORB1 Files. This is fol- 
lowed by selected position and velocity vectors from the 
chosen file. Up t o  six vectors may be selected, each speci- 
fied by a number from 1 through 5 0  on the EPHQLCRT keynord 
card- Each of these vectors will be reported for every data 
record on the file, along with the record number and associ- 
ated time. The last vector on the file will also be 
reported . 
3.1.16 EPHEMERIS ELEMENTS HISTORY PLOTS 

History plots are plots of the state elements over time. 
Cartesian, Keplerian, and/or Spherical element plots may be 
generated. The type of plots, plot stepsize, and plot time- 
span are input on the HISTPLOT keyword card in the OGOPT sub- 
deck. Since the plotted points are extracted from an' EPHEM 
File (whose generation is mandatory), the requested plot 
stepsize must be an integer multiple of the EPHEM File step- 
size. The requested plot timespan must also fall within the 
timespan of the EPHEM File. The printer output option on 
the mandatory OUTPUT keyword card should specify Cartesian, 
Keplerian, and/or spherical elements output. 

The following keyword cards are used to generate history 
plots. 

e OUTPUT--Specifies Cartesian, Keplerian, and/or 
spherical o u t p u t  

e OGOPT--Orbit Generation Subdeck identifier 

e OUTOPT--Requests EPHEM File generation 

e HISTPLOT--Requests history plots 

0 END--End of Orbit Generation Subdeck 
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3-1-17 IMPACT MODELING 

Impact modeling provides the capability to model a satel- 
lite's trajectory when that trajectory passes close to or 
impacts the surface of the Earth. The IMPACT keyword card 
controls extensions to GTDS integrators and force models. 
Card effects on orbit generation are summarized in the 
following paragraphs. 

0 If there is no IMPACT card in the OGOPT.subdeck, 
trajectory propagation terminates if 'the trajectory altitude 
passes below 70 kilometers. When the IMPACT card is sub- 
mitted, the altitude at which impact .is reported becomes 
user specified (default = 0). 

0 While the trajectory altitude is above the transi- 
tion height specified on the IMPACT card, the integrator 
specified on the ORBTYPE card is used. If the impact model- 
ing extensions project the altitude below the transition 
height at the next integration step, the Hull Runge-Kutta 
integrator will be used. If the altitude is then projected 
to go above transition height, the integrator again will be 
that specified on the ORBTYPE-card. 

0 The impact Card can be used to enable a density 
model for the atmosphere at low altitudes. The Harris- 
Priester and Jacchia-Roberts models are not valid below a 
100-kilometer altitude. The low-atmosphere model is based 
on the U.S. Standard Atmosphere, 1976, and provides atmos- 
pheric density values from a 110- to O-kilometer altitude. 

Impact modeling is designed for use only when executing an 
EPHEM program. The impact-height (the altitude at which 
trajectory propagation stops and an impact is reported) must 
be no less than zero. The transition height must be no less 
than the impact height. Note that if the user wishes to use 
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the low-atmosphere model without the Hull Runge-Kutta inte- 
grator ever being called, the integrator switch will be 
effectively disabled by setting both transition height and 
impact height to zero. 
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3 . 2  DC PROGRAM 

The purpose of the DC Program is to estimate the values of a 
set of parameters, called solve-for variables, in a mdthe- 
matical model of spacecraft motion. The parameters are 
estimated so as to minimize, in a Bayesian weighted least 
squares sense, the sum of the squares of the differences 
between computed and observed trajectory data, while con- 
straining the parameters to satisfy their a priori initial 
estimates to specified limits of uncertainty. (For the 

‘detailed description of the estimation process, see Refer- 
ence 2 . )  The trajectory data required by the DC Program 
must be supplied by the user in permanent GTDS observation 
input disk files, temporary observation input files (tapes 
or disk), or punched input cards. 

The following are components of the DC process. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Initial elements a n d  epoch 

Observation sources 

Orbit generator type and associated parameters 

Modified DC (Marquardt algorithm) 

Solve-for parameters 

Consider parameters 

Covariance matrix 

Variational equations for state parameters 

Tracking stations and Earth ellipsoid models 

Observation weighting 

Observation data editing 

Dynamic mathematical editing 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

The DC 

Tracking data observation corrections 

Convergence criteria 

Static biases for tracking data or attitude sensor 
data 

Output reports 

Tracking data validation plot file generation 

Data base retrieval 

SLP Ephemeris File 

Saving elements and observations files 

ORBIT, ORB1, and EPHEM Files 

TDRSS processing capability 

Satellite-to-Satellite Tracking (SST) data 
processing capability 

Residuals computation using EPHEM File input 

Program mandatory keywords will provide information 
related to the first three components. If no other inputs 
are supplied, the DC Program will execute with default 
values using the Cowell orbit theory and Cartesian state 
vector components. If the user wants to modify any of the 
default values, input is required using the TDROPT, DMOPT, 
OGOPT, and/or DCOPT subdecks. 

Sections 3.2.1.1 and 3.2.1.2 list all the permissible key- 
words (both,required and optional) to be used in a DC Pro- 
gram run, The rest of Section 3.2.1 describes their use 
with respect to the componets of the DC process. The 
individual descriptions of all keyword cards presented in 
Section 4 provide additional necessary information- 
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3.2.1 SINGLE SATELLITE MODE 

3.2.1.1 DC Required Kevwords (Sinqle Satellite Mode) 

This section gives all keywords required for a single satel- 
lite DC Program run. They are as follows. 

0 CONTROL--Initiates the DC Program run 

0 ELEMENTl*--Sets coordinate system, reference cen- 
tral body, and first three components of state 

0 ELEMENTZ*--Sets second three components of state 

0 EPOCH*--Specifies the epoch of the initial state 

0 OBSINPUT--Specifies observation input sources and 
acceptable times 

0 ORBTYPE--Sets orbit generator type and related 
parameteis 

0 FIN--Indicates end of DC Program input 

The first card in the DC Program input deck must be the 
CONTROL card used t o  initiate the DC Program. The mandatory 
keyword cards ELEMENTI, ELEMENTZ, EPOCH, OBSINPUT, and 
ORBTYPE must follow the CONTROL card. 

If any data management functions are required, and a TDROPT 
subdeck is not used, the mandatory keyword cards must be 
followed by the DMOPT subdeck keyword, optional data manage- 
ment keywords, and the delimiter keyword END (see Sec- 
tion 3.2.2.1). If required, the subdeck keywords DCOPT and 
OGOPT with the proper optional keywords and END delimiters 
may then follow. These latter two subdecks may be in any 
order. The final card must be the keyword FIN, which indi- 
cates the end of the deck. 

*These keyword cards may be omitted if epoch and elements are 
obtained from sources other than card input (see Sec- 
tion 3.2.1.3). 
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This program input deck can be followed by another program 
input deck or decks that cause sequential runs of the other 
GTDS programs, 

3-2.1.2 DC Optional Keywords 

Section 3.2.1.2 lists all the optional keywords that may be 
included in a DC Program run. 

3.2.1.2.1 Optional Data Management K:eywords (DMOPT Subdeck) 
\ 

The optional keyword Cards in the DMClPT subdeck are as 
follows. 

0 DMOPT--Identifies the subdeck type as the Data Man- 
agementr Subdeck 

0 Specification of editing options for Observations 
Working File creation 

- ACCREJ--Speci-f ies the number of accept or 
delete cards that follow 

- AbBB****--Specifies acceptance criteria for 
editing observations ( * * * *  is a four-letter 
station acronym) 

- Dbbb****--Specifies deletion criteria for 
editing observations 

- MAXOBS--Sets the maximum number of observations 
to be accepted from the 60-byte observation 
tape or data base 

- SAMPLRTE--Specifies acceptance criteria for 
editing observations by time 

0 Generation of Statistical Output Reports (SORs) 

- MIXPAIR--Mixes a pair of SOR categories as a 
single SOR category 

- NOIS****--Sets noise determination criteria 
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- NOIMIN--Sets minimum valid points to perform . 

noise analysis 

- SELOUT--Generates the SORs and tracking data 
validation p l o t  file (FT62) 

- .  SORINPUT--Sets SOR editing parameters for SOR 
categories 

- SORVALID--Sets SOR data validity overrides 

0 Change the standard deviation for observations 

- CHWT****--Sets the input observation noise 
standard deviation for 60-byte data when the 
SOR is requested and f o r  TDRS ground trans- 
ponder data in the 60-byte format when the SOR 
is not requested, 

- OBSDEV--Sets the input observation noise stand- 
ard deviation for either 100-byte data, o r  
60-byte data (other than TDRS ground trans- 
ponder data) when the SOR is not requested. 

Retrieval of data base force model, integration, 
elements, and station data definition 

- SATGROUP--Activates satellite grouping capa- 
bility 

- WORKATM--Builds Atmospheric Density Working 
File 

- WORKCON--Builds Astrodynamic Constants Working 
File , 

- WORKELS--Builds Elements Working File 

- WORKINT--Builds Integration Coefficients 
Working File 
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- WORKIONO--Builds Ionospheric Refraction Work- 
ing File 

- WORKGEO--Builds Station Geodetics File 

- WORKMAN--Bu i Ids Impu 1 s ive Maneuvers Working 
File 

- WORKSECT--Builds Flight Sectioning Working File 

- WORKTCOR--Builds Time Conversion Coefficients 
Working File 

/*******l Station Cards; 1 and 2 ,  respectively, 
which define station type, position, 

/ * * * * * * * 2  and some station-dependent data 3 
0 Creation of permanent or temporary SLP Files 

- SLPBODY--Selects the central and noncentral 
bodies for generating the SLP Ephemeris File 

- SLPDEG--Sets degree of curve fit for SLP bodies 

- SLPFILE--Indicates source of data to be used 
in creating the SLP Working Fi.le 

' 0  Specification of parameters for real-time (partial 
batch) request f o r  data currently being collected 
within TCOPS 

- RTSATID--Specifies all satellite IDS for which 
partial batch data are t:o be requested 

- RTPARAMS--Specifies the partial batch request 
parameters 

- RSTA****--Specifies the tracing station for 
which partial batch data are to be requested 

149 

- RSYS****--Specifies the tracking system for 
which partial batch data are to be requested 
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3.2.1.2-2 Optional Orbit Generator Keywords (OGOPT Subdeck) a 
The optional keyword cards in the OGOPT subdeck are as 
f 0 1 lows. 

0 OGOPT--Identifies subdeck type as Orbit Generation 
Subdeck 

0 Change force model constants from default values 

ATMOSDEN--Defines format of atmospheric 
density table (DODS or GTDS) 

ATTANG1--Sets satellite spin axis right 
ascension O K  yaw angle polynomial coefficients 

ATTANGZ--Sets satellite spin axis declination 
angle or pitch angle polynomial coefficients 

ATTANG3--Sets satellite spin axis roll angle 
polynomial coefficients 

BDROTATE--Sets rotation rates of planetary 
bodies 

BODYRAD--Sets equatorial radii of planetary 
bodies 

CNM--Sets geopotential or lunar potential 
harmonic coefficients, C , options and 
values (see Reference 2, Section 4.3) 

n,m 

COVARNC--Stores upper triangle of the a .priori 
state covariance matrix 

DECLVAR--Sets standard deviations of declina- 
tion ot pitch'coefficients 

- DRAGCOF--Sets polynomial coefficients of 
drag parameter by flight section 

- DRAGPAR--Updates aerodynamic drag parameters 
and sets drag partial derivatives switch 

p1 
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DRAGPOLY--Sets the number of polynomial coef- 
ficients of p1 to be solved for by flight 
section (see Section 4, keyword DRAGPAR for 
definition of p , )  

FLATCOEF--Sets the inverse of the flattening 
coefficients of the planetary bodies 

GMCON--Sets gravitational constants for the 
planetary bodies 

HARMONIC--Reads geopotential or lunar potential 
table 

IMPULSE--Sets impulsive maneuver velocity 
increments 

LNDPAR--Sets data for processing landmark 
observations 

MANMASS--Sets satellite mass required to com- 
pute an impulsive maneuver 

MANTIME--Specifies the time of the impulsive 
maneuver 

NPQPAR--Sets Brouwer drag coefficients, N 
P I  q 

values, and solve-for switches 

- POTFIELD--Retrieves geopotential harmonic coef- 
f icients 

- RAPRIME--Sets'right ascension of the prime 
meridian of specified planetary bodies 

- RATIME--Sets the time associated with the 
right ascension on the :RAPRIME keyword card 

- ROLLVAR--Sets a priori standard deviations of 
roll coefficients f o r  an Earth-stabilized 
spacecraft 
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- .  RTASCVAR--Sets a priori standard deviation of 
right ascension or yaw coefficients 

- SCPARAM--Sets spacecraft area, mass, and radius 

- SCPARAMZ--Sets cylindrical spacecraft param- 
eters and paddle configuration 

- SNM--Sets geopotential or lunar potential 
harmonic coefficients, S , options and 
values (see Reference 2, Section 4.3) 

n,m 

- SOLRDPAR--Updates solar radiation parameter, 
and sets solar radiation partial deriva- cR 

tives switch 

- SPHERE--Sets sphere of influence for the 
planetary bodies 

- TITLE--Allows input of various titles 

- THRSTCOF--Sets thrust magnitude coefficient 
data 

- THRSTVAR--Sets variance of thrust accelera- 
tions, vehicle right ascension and declination 

- THSOFNO--Set thrust solve-for flags 

TH TAB1 Define tables from GMAN output 
TH TAB2 tables (mass/thrust) 3 - 

* Change force model options (numerical and semi- 
analytic type theories only) 

- APOFOCAL--Defines the sectioning parameter to 

cross at apofocal distance 

- AUTOFORC--Sets the option for automatic force 
model selection 
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AVERAGE--Sets variation of parameters numerical 
averaging option 

CBODY--Sets central body indicators by flight 
section 

DISTCB--Sets distance from the current central 
body at which sectioning is to occur 

DISTNCB--Sets distance iErom the next central 
body at which sectioning is to occur 

DRAG--Sets force model drag option for each 
flight Section 

MAXDEGEQ Set the maximiim degree and order, 
respectively, for evaluating the 
nonspherical potential of the central 

MAXORDEQ body for the equations of motion 

MAXDEGVE Set the maximum degree and order, 
respectively, f o r  evaluating the 
nonspherical p.otential of the central 

3 
1 MAXORDVE body for the variational equations 

MAXSECT--Sets number of flight sections 

NCBODY--Sets noncentral bodies for each section 

PICBIAS--Sets landmark camera/picture biases 
options 

POLAR--Sets polar motion option for each 
section 

RCACB--Defines sectioning parameter radius of 
closest approach for tho central body 

RCANCB--Defines sectioning parameter radius of 
closest appraoch f o r  the next central body 
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- SOLRAD--Sets force model solar radiation 
option f o r  each section 

- SPHINF--Sets indicators f o r  ending the current 
section if the sphere of influence changes 

- THRUST--Sets finite thrust option for each 
section 

- TOF--Sets time of flight at which sectioning 
is to occur 

- TWOBODY--Sets two-body option in the force 
model for specified section 

e Set options for the comput-ation of partial deriva- 
t ives 

- ATTPAR--Sets the number of right ascension 
and/or declination partial derivatives t o  be 
computed 

CNM S e t  options to compute position and veloc- 
ity partial derivatives with respect to 

SNM 'n,m and 'n,m i - 

- DRAGPAR--Sets option to compute position and 
velocity partial derivatives with respect t o  

aerodynamic drag model parameters 

- SOLRDPAR--Sets option t o  compute position and 
velocity partial derivatives with respect to 
solar radiation model parameters 

Set options to compute position and 

respect to initial state parameters 
velocity partial derivatives with 

- 

- 
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- .THRSTPAR--Sets options to compute position and 
velocity partial derivati.ves with respect to 
thrust magnitude parameters 

8 Change numerical integration options and tolerances 

- INTEG--Sets numerical integration parameters, 
type, and order 

- INTMODE--Sets section-dependent stepsize 
control switch 

LOWBOUND Set lower, nominal, and upper trunca- 
NOMBOUND tion error tolerances, respectively, 
UPBOUND f o r  stepsize control 3 - 

- 
- 
- MEANEL--Sets osculating-to-mean element con- 

version option f o r  the averaging orbit inte- 
gra t ion 

- RESTART--Sets the numerical integration 
starter option 

- SHELLRAD--Sets radial distances and stepsize 
f o r  integration when us.ing the shell mode 

- STEPSIZE--Sets integration stepsize by f l i g h t  

section 

- TIMREG--Sets section-dependent time- 
regularization parameter 

- TIMREGDV--Sets section-dependent time- 
regularized steps i ze paramet er 

- TOLER--Sets various integration tolerances 

0 Change orbit generator output options 

- EPHQLCRT--Requests prin1:out of selected 
vectors from EPHEM or ORB1 Files 
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- INTEROUT--Sets intermediate output options for 
Orbit generator 

- OUTBODY--Sets additional optional output 
reference bodies by flight section 

- OUTOPT--Sets output options for ephemeris files 

- TTMES--Sets reference date foF integration 

- VAREPHEM--Sets the time intervals between data 
points of variable step EPHEM Files by satel- 
lite height 

3.2-1-2.3 Optional DC Keywords (DCOPT Subdeck) 

The optional keyword cards in the DCOPT subdeck are as 
follows: 

DCOPT--Identifies subdeck type as DC Subdeck 

Abbb****--Specifies acceptance criteria for editing 
observations ( * * * *  is a four-letter station acronym) 

ACCREJ--Specifies number of accept or delete cards 
that follow 

ATMOSEDT--Sets atmospheric editing switch and limits 
for Tracking and Data Relay Satellites (TDRSs) and 
Applications Technology Satellites (ATSs) only 

CMCORR--Sets antenna offsets from spacecraft center 
of mass 

CONSIDER--Invokes "consider" mode of the DC 

CONVERG--Se.ts DC Program iteration control variables 

CWEIGHT--Sets weighting factor constants 

Dbbb****--Specifies deletion criteria for editing 
observations ( * * * *  is a fout-letter station acronym) 
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0 

0 

0 

DCFDR--Sets option to output osculating Keplerian 
or Brouwer mean elements in the Orbital Elements 
Report 

EDIT--Sets observation edit parameters 

ELLMODEL--Defines the ellipsoid model 

INTEROUT--Permits printing of intermediate output 

MODDC--Indicates use of the Marquardt algorithm 

OASENSOR--Sets attitude sensor data values and op- 
tions 

OBSCORR--Sets observation correction parameters 

PASSTIME--Defines d pass for pass-dependent biases 

PRINTOUT--Sets Observation Residual Report fre- . 
quency and printer plot options 

RAMB****--Overrides small range ambiguity for SRE 
data (asterisks represent station acronym) 

RAMBOPT--Selects SRE range ambiguity computation 
option 

SAVE--Sets option to save observation working data 
files 

SSCOVAR--Sets the upper triangle, of covariance 
matrix of a n  ATS relay satellite (see Sec- 
tion 3.2.2.24) 

SSELEM1--Defines three elements of an ATS relay 
satellite (see Section 3.2.2.24) 

SSELEMZ--Defines three elements of an ATS relay 
satellite (see Section 3.2-2-24) 
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0 SSEPOCH--Sets epoch of ATS relay elements (see Sec- 
tion 3.2.2.24) 

0 SSOPT--Sets orbit generator type and spacecraft 
parameters for an ATS relay satellite (see Sec- 
tion 3.2.2.24) 

0 TRACXELV--Sets minimum allowable elevation angle 
for each tracking system 

0 TRNDLY--Sets transponder delay table 

0 /*******--Station cards 1, 2, 3 ,  4, 5 ,  and 6 define 
station-related information 

3.2.1.3 Initial Elements and Epoch 

The following methods ate provided for inputting initial 
elements and epoch i n t o  a DC Program run: 

0 Punched card input 
0 24-Hour Hold Elements File 
0 GTDS Permanent Elements File 
0 Elements from a previous run 
0 Elements epoch advance 
0' PTOF 

These methods are discussed in the following sections. 

3.2-1-3.1 Input Elements via Card Input 

The keywords ELEMENT1, ELEMENT2, and EPOCH allow punched 
card input of initial elements- (Also see Section 4 - )  

3.2.1.3.2 Input Elements via GTDS Files 

Elements from a DC Program run can be stored in one of the' 
two GTDS element files, the 24-Hour Hold Elements File or 
the GTDS Permanent Elements File. These elements can sub- 
sequently be used as input to a DC Program run. In this 
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case, -a user must supply, in a DMOPT subdeck, the WORKELS 
keyword card that defines the type of .file and the element 
set number. For further description of this information, 
see WORKELS in Section 4. When elements are supplied 
through the WORKELS keyword card, the! ELEMENT1 and ELEMENT2 
keyword cards are not required. 

3-2.1.3-3 Elements From a Previous Run 

Elements resulting from previous execution of a GTDS program 
(for example, in a previous DC Program execution) may be 
used as DC Program initial elements by placing the word 
INPUT or OUTPUT in the elements-source field of the CONTROL 
card (see Section 2.1)- When the elements are supplied 
through COMMON, the ELEMENT1, ELEMENT'2, and EPOCH keyword 
cards are not required. 

3.2-1.3.4 Elements Epoch Advance 

The concept of elements epoch advance is used to propagate 
(i.e., advance) the elements from the given epoch at To to 
another epoch at TI (the epoch needed f o r  the DC Program 
run). 
for the DC Program run, The tvo methods available to the 
user to do this are as follows. 

The elements T1 then become the initial elements 

1, The DC Program automatic epoch advance option can 
be invoked by supplying TI in columns 60 through 80 of the 
DC EPOCH keyword card. The value T1 must assume the 
packed date from YYMMDDHHMMSS-SSSS, while To and the 
associated elements are obtained through any of the methods 
listed in this section, The state is initialized at To, 
and the EPHEM Program is called to propagate the state to 
T1' using orbit generator options specified in the input, 
prior to starting the DC Program, 

149 
3-47 



DOC. NO. REV. NO. 
SD-85/6738 2 

2. A manual advance, employing an EPHEM Program input 
deck followed immediately by a DC Program input deck, may be 
used. The EPHE24 case is executed with the OUTPUT mandatory 
keyword card containing T1 as the end time. 
is then executed with the word OUTPUT in columns 41 through 
48 of the CONTROL card (see Section 2.1). As a result, the 
DC Program uses the elements at time T1 (computed in the 
EPHEM Program) 'as initial elements. k h e  DC case will then 
require no ELEMENTl, ELEMENTZ, or EPOCH keyword cards, 
because element and epoch information is available to the DC 
Program run through COMMON blocks. 

The DC case 

3.2.1.3.5 Elements From a PTOF 

Initial elements may be extracted from a PTOF. In this 
case, a user must s u p p l y  a WORKELS keyword card in the DMOPT 
subdeck. The FRN of the PTOF must be specified, and must be 
71, 72, or 73. Either the PTOF level number or the epoch 
time (or both) must be specified on the WORKELS keyword 
card. If only the level number is specified, the epoch 
vector from that level is extracted. A level number of -1 
may be specified i f  the epoch time is specified. In this 
case, the level number with the latest possible start time 
is accessed. See WORKELS in Section 4 for further 
description of this information. When elements are 
extracted from a PTOF, the ELEMENTl, ELEMENTZ, and EPOCH 
keyword cards are not required. 

3..2.1,4 Observation S o u r c e s  

In GTDS the observations can be obtained from one or more 
sources- The sourceis) and the start and end times of the 
observation span to be used ate specified via the OBSINPUT 
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mandatory keyword card. All observations in the timespan 
will be used unless a detailed edit is specified. The ob- 
servations used are stored in a GTDS Observations Working 
File. The OBSINPUT keyword card, described in Section 4, 
specifies the acceptable sources, their timespans, and cor- 
responding FRNs. In addition, if the observation source is 
from the 60-byte data base, the satellite grouping option, 
specified via the SATGROUP keyword card, is available. 'This 
option enables the user to treat a group of different satel- 
lites as one satellite. 

Another option available to the user is the .capability to 
input 60-byte tracking data in a near real-time mode. 
Called 60-byte partial batch data, these observations allow 
orbit determination or tracking data validation to be per- 
formed using observations that are currently being accumu- 
lated by the data collection program of TCOPS and that have 
not yet been placed on the 60-byte data base. 

3.2.1.5 Orbit Generator Type and Associated Parameters 

The ORBTYPE mandatory keyword card provides basic informa- 
tion regarding the orbit generator and associated options 
that will be used to provide the ephemeris data required by 
the DC process. The orbit generator type is in the first 
integer field of this keyword card. Neither a pregenerated 
ORBIT File (option 6 in card columns 9 through 11) nor a' 
PTOF (option 11) can be used in a single satellite DC 
Program run. Other parameters on the ORBTYPE keyword card 
provide basic informatibn on the orbit generator type and 
integration parameters. The integration coordinate system 
can be either mean equator and equinox of 1950.0 or 
true-of-reference date. The reference date can be either 
epoch or the date input on a TIMES keyword card in an OGOPT 
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subdeck. (For detailed keyword card descriptions, see 
Section 4.) 

The force model options generally used in the DC Program are 
the standard GTDS default options. GTDS defaults to an 
Earth-centered system with Sun, Moon, and a 4-by-4 gravity 
field in the force model. However, if a user wants to mod- 
ify any of the parameters used in the orbit generator, an 
OGOPT subdeck with the proper optional keyword(s) is re- 
quired (see Section 3.2.1.2.2). Types of parameters that 
can be modified are force model constants and options, 
partial derivative options, and integration options. ( F o r  
descriptions of orbit generator keywords, see Sec- 
tion 3.2.1.2.2.) For example, to modify the Earth's 
gravitational constant p to any real value R, the following 
card is required in a OGOPT subdeck: 

Columns 1 - 8 11 18 - 3 8  

GMCON 1 R 

The orbit generator is basic to the DC process. Incorrect 
values for orbit generation parameters can easily produce 
erroneous results. Therefore, the user must be familiar 
with the EPHEM Program described in Section 3.1. Also, note 
that many of the orbit generator parameters can be changed 
through the data management subdeck, DMOPT, which controls 
working file generation (see Section 3.8). 

3.2.1.6 Fliqht Sectioninq 

The multiple flight sectioning capability, described for the 
EPHEM Program in Section 3.1.12, is available to the DC 
Program. DC Program runs usually consist of a single flight 
section wherein the central body and force model used are 
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those in effect for section one. Multiple section DC Pro- 
gram runs can, however, be specified as described in Sec- 
tion 3 . 1 . 1 2 .  

3 . 2 . 1 - 7  Modified DC Proqram (Marquardt Alqorithm) 

Usually DC Program runs employ a Bayesian weighted least 
squares estimation algorithm. However, an available option 
in GTDS allows use of the Marquardt algorithm. This algo- 
rithm couples a direct gradient method with the indirect 
weighted least squares method to enhance convergence when 
the initial conditions are poorly defj.ned. To enter this 
enhanced differential correction mode in GTDS, i t  is 
necessary to use the keyword card MODIIC (Modified DC Pro- 
gram). The initial values of the consitants entered on this 
card modify the convergence characteristics of the differen- 
tial correction process. Although the values of the input 
constantsaare not critical for convergence, to achieve 
convergence within a small number of iterations, it is 
necessary to choose the initial estimates of these constants 
judiciously (see Reference 1). 

3.2.1.8 Solve-For Parameters 

Solve-for parameters are those paramesers that are to be 
estimated in a DC Program run. The two types of such param- 
eters are dynamic solve-for parameters and local solve-for 
parameters. 

Dynamic solve-for parameters are those that are implicit in 
the equations of motion; they include the following: 

0 Spacecraft state vector at epoch 

0 Aerodynamic force parameter including a segmented 
p1 parameter (see DRAGPAR in Section 4 for a 
definition of p , )  
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0 Scale factor on the solar radiation acceleration 

0 Gravitational harmonic coefficients 

0 Thrust model parameters 

0 Attitude model pardmeters 

Local solve-for parameters are those that are implicit in 
the observation models: they include the following: 

0 Tracking station locations 
0 Observation biases (by p a s s )  
0 Station timing biases (by pass) 

General restrictions on specifying solve-for parameters are 
as follows. 

1, The maximum number of dynamic solve-for parameters 
is 20- If dynamic parameters are being considered 
[i-e., parameters being considered for statisticpl 
purposes but not being estimated (see also Sec- 
tion 3.2.1.9)], then the combined maximum number of 
dynamic solve-for and dynamic consider parameters 
is 20. 

2. The maximum number of solve-for parameters is 50. 
If any parameters are being considered, then the 
combined maximum number of solve-for plus consider 
parameters is 5 0 .  

3. Analytic orbit theories can solve only for state 
parameters and. local solve-for parameters, except 
that the Brouwer-Lyddane theory can solve for u p  t o  

14 N drag coefficients. 
e19 

For nonstate dynamic solve-for parameters, the applicable nu- 
merical orbit generator will integrate the variational equa- 
tions X/P, where P is the parameter. A related set of 
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input, the a priori covariance matrix for the solve-for 
parameters, is discussed in Section 3.2.1.10. 

0 
3.2.1.8.1 Dynamic Solve-For Parameters 

By default in a DC Program run, the Cowell orbit theory will 
be used and the six Cartesian elements X 
Z will be solved for. If a user wants to modify this 
basic set or to solve for other dynamic parameters, an OGOPT 
subdeck with the proper keyword cards (described in the fol- 
lowing subsections) must be supplied. The nonstate dynamic 
solveLfor parameters discussed below are only valid with 
Cowell or VOP type 8 (Keplerian VOP) orbit theories. Only 
state dynamic parameters can be solved for when the observa- 
tion source is PCE data. 

e 
Yo' Z0' X0' Y o '  

0 

3.2.1.8-1.1 State Elements 

GTDS can solve for from one to six state parameters from one 
of the following state parameter sets (see Appendix A): 

* 0 
0 Cartesian (Xo, Yo, Z0, Xo, Yo, z0) 
0 Keplerian (a, e, i, Q, o, M) 
0 Spherical (a, 6, u, 6,  r, V )  
0 DODS unknowns (Xl, X2, ..., 
0 Brouwer mean elements 

x9' x19) 

The Cartesian set is solved for in a DC Program run by de- 
fault except when a Brouwer or Brouwer-Lyddane theory is 
used. The default for those cases is the first six DODS 
unknowns. To change the state parameter set, a user must 
supply a STATEPAR keyword card with the appropriate value in 
column 11. If the set is'DODS unknowns, then the type of 
orbit orientation about the angle C$ (phi) is defined in 
column 17. If a 1 is input, the angle also must be input in 
columns 18 through 38. 
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For a given state parameter set, GTDS will solve for all six 
parameters (the first six DODS variables). To solve for a 
subset of the state parameters set, a STATETAB keyword card 
with the values  indicating the subset must be supplied. 
(See Table A-1 in Appendix A f o r  valid values.) 

For example, to solve for only the Keplerian eccentricity 
and inclination, the following two keyword cards must be 
supplied in an OGOPT subdeck: 

Columns 1 - 8 11 14 
STATEPAR 2 

STATETAB 2 3 

To solve f o r  no state parameters, the user must include 
STATEPAR and STATETAB keyword cards with a zero (0) in the 
integer fields. 

3.2.1.8.1-2 Drag-Coefficient With Segmentation ( p  ) 

The coefficient ,. 
force model can be estimated via the use of the DRAGPAR key 
word card. For example, to solve for 1, the following 
input is provided in an OGOPT subdeck: 

1 

1, in the aerodynamic drag term of the 

Columns 1 - E 11 

DRAGPAR 1 

This will provide a constant value for p1 with one sec- 
tion. 
section, then the keyword cards DRAGCOF and DRAGPOLY must be 
included with the appropriate information. An example with 
two sections and a linear form for p would be coded as 
f 0 1 lows : 

If p1 segmentation is designed with more than one 

1 

Columns 1 - 8 11 14 18 39 
DRAGPAR 1 

DRAGPOLY 1 2 2.0 2.0 
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Thus, the EPHEM Program will numerically integrate 'the .. 
variational equations for aZ/ap and, hence, compute the 
partial derivatjves aX/apl  and a3t/apl at observation 
time. 

1 : 

When the DRAGPAR keyword is used, the drag source will be 
invoked for Section 1 of the flight if drag has not been in- 
voked in the force model. The spacecraft area and mass must 
be supplied via a SCPARAM keyword card in an OGOPT subdeck. 
The DRAGPAR keyword card is also used to modify any of the 

tail, see the DRAGPAR, DRAGPOLY, and DRAGCOF keyword card 
descriptions in Section 4 . )  

3.2.1.8.1.3 Solar Radiation Coefficient (C ) 

The solar radiation coefficient, Cr, in the solar radia- 
tion term of the force model can be estimated via the 
SOLRDPAR keyword card. For example, to solve for C , the 
follow.ing input is provided in an OGOPT subdeck: 

r 

t 

Columns 1 - 8 11 
SOLRDPAR 1 

Thus, the EPHEM Program will numerically integrate the vari- 
ational equations for a z / a C  and, hence, compute the partial 
derivatives a3?/aC 

When the SOLRDPAR keyword is used, the solar radiation force 
will be invoked. The spacecraft area and mass must be sup- 
plied via a SCPARAM keyword card in an OGOPT subdeck. The 
keyword card SOLRDPAR is also used to modify the default 
value of CR- 

.. 

and a z / a C r  at the observation time- r 
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3 . 2 . 1 . 8 . 1 . 4  Harmonic Coefficients (Cn,m and Sn,m) 

The EPHEM Program force model allows for a 21 x 2 1  potential 
field for the nonspherical gravitational acceleration of the 
Earth or the Moon. In GTDS, up to 2 0  harmonic coefficients 
can be estimated. These estimated coefficients, Cn,m and 
S , must (1) be used in the force model (e.g., the key- 
word cards MAXORDEQ and MAXDEGEQ must indicate an order and 
d degree for the gravitational harmonics in the equations of 
motion a t  least as great as the order and degree of the co- 
efficient being estimated), and (2) be used in the vari- 
ational equations (e.g., the keyword cards MAXORDVE and 
MAXDEGVE must indicate an order and degree for the gravita- 
tional harmonics in the variational equations at least as 
great as the order and degree of the coefficient being esti- 
mated). (See Reference 2, Section 4 - 3 ,  for definition of 

n,m 

and Sn,m-) n,m C 

In standard notation for C and Sn,,,: n.m 
m is the order (thus. M A X m E Q ,  MAX-VE) 
n is the degree (thus, MAXDXEQ, MAXDXVE) 

Once the terms have been indicated as being used in the 
orbit generator, the specific coefficients to be estimated 
can be input via the CNM or SNM keyword card. One card is 
required for each coefficient; for example, to solve for 

in an Earth-centered orbit, the following input is c 2 , 0  
provided : 

Columns 1 - 8 11 14 17 60 - 8 0  

CNM 1 2 0 1.0 

The keywords CNM and SNM can also be used to update specific 
harmonic coefficients. 

3 - 5 6  

149 



DOC. NO. 'REV.  NO. 
SD-85/6738 2 

3.2.1.8.1.5 Thrust Coefficients 

The thrust acceleration can be calculated in GTDS using a 
polynomial of the form 

=: al + a t + a t 2 + ... + a8t 7 
A~~~~~~ 2 3 

The values of the thrust polynomial coefficients ai (i = 1, 
2, ..., 8) are supplied on the THRSTCOF keyword cards. The 
THRSTCOF cards also include indicators that relate a thrust 
polynomial to a particular flight .section. To solve for 
these coefficients, the THRSTPAR keyword card must be used. 

The capability has been added to GTDS to determine the space: 
craft mass and thrust acceleration from previously generated 
mass and thrust tables. These tables are provided by the 
non-TCOPS program GMAN. GTDS can use these tables in the 
EPHEM program to generate a trajectory OK in propagating a 
vector for a DC run. 

Additionally, GTDS has the capability to solve for a thrust 
coefficient during a DC run. This coefficient is used with 
the thrust table in computing the thrust acceleration- 

GTDS keyword cards currently provide a means of input for 
the first four types of commands listed. The SCPARAM card 
has been modified to contain an indicator for the use of 
GMAN tables. 

This card will be followed in the paramet'er file by a series 
of cards (THTAB cards) defining the tables to be used. Each 
card includes a start and stop time, stepsize within the 
table, thrust coefficient for the table, and an interpola- 
tion indicator. These cards must appear in chronological 
order. 

Our new keyword card has been added to the OSOPT subdeck; 
THSOFNO indicates the thrust coefficients that are to be 
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treated as solve-for variables in a DC run.  GTDS will be 
able to handle up to 20 tables of mass and thrust: each 
table has a thrust coefficient. The THSOFNO card indicates 
which ones are solve-for variables. 

The following restrictions apply to the use of GMAN tables 
in GTDS.  

0 Up to 20 tables can be defined by specifying start 
and s t o p  times following the SCPARAM card. All tables are 
taken from a single GNAN working file. If the timespan 
specified is not included in the working file, an error will 
occur and the GTDS r u n  will terminate. The tables must be 
specified in chronological order. 
multiple of the GMAN stepsize. 

The stepsize must be a 

0 A THSTPAR card must be used whenever a THSOFNO card 
is used. 

3.2.1.8.1.6 Attitude Coefficients 

The vehicle attitude is characterized by polynomials defining 
the right ascension and declination of the spin axis as a 
function of time. These polynomials are of the form 

S = bl + b2t + 2 3 b3t + b4t + b5t4 

The polynomial coefficients b i  ( i  = 1, 2, .-., 5) are de- 
fined on the ATTANGl keyword card (for right ascension), on 
the ATTANG2 keyword card (for declination), and on the 
ATTANG3 keyword card (for roll). The standard deviations 
are set on the DECLVAR,sROLLVAR, and RTASCVAR keyword 
cards. To solve for these coefficients, the ATTPAR keyword 
card must be used. The coefficients may only be solved for, 
obviously, when thrust is included in the force model- 

3.2.1.8.2 Local Solve-For Parameters 

In most DC Program runs,  local solve-for parameters are 
usually not estimated- When required, however, a user can 
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solve for these local parameters (i-e,., station locations, 
observation biases, and time biases) hy including the proper 
keyword cards in a DCOPT subdeck. Local solve-for param- 
eters can be estimated in conjunction with any orbit gener- 
ator type. If the observation source is PCE data (see 
Reference l), then this option cannot be invoked. If the 
observation source is attitude sensor data, then only 
observation biases and time biases can be solved for. 

3.2-1.8.2.1 Station Positions 

The Earth-fixed Cartesian coordinates of a tracking station 
can be solved for in a GTDS DC Program run by inputting a 
Station Card 4; f o r  example, to solve for station ROSS the 
following input is provided: 

Columns 1 - 9 14 
/ROSSbk5b4 1 

To solve for the coordinates of N stat:ions, input N cards, 
where each card represents three solve-for parameters (i-e., 
the three Cartesian components of the station). GTDS will 
output the estimates in both Earth-fixed Cartesian and 
geodetic coordinates. 

3-2.1.8.2-2 Station Observation and Station Timing Biases 

Biases in station observations or in a station clock can be 
estimated in GTDS either as a function of satellite pass or 
independent of pass (i-e., a new bias can be estimated dur- 
ing each satellite pass, subject to the following limita- 
tions). To solve for a specific bias, input a Station 
Card 5 keyword with the bias type (as defined in Appen- 
dix A ) ,  the number of passes, and the a priori bias value. 
If biases of minitrack or AZ-EL and X-.Y mount angle error 
model biases are to be solved for, mode and special bias 
type should also be specified in Station Card 5 keyword (see 
Section 4 ) .  
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A PASSTIME keyword card, which applies to all stations, is 
used to define a pass and is required when solving for more 
than one pass. The input time (in columns 18 through 38) 
may be defined either as the maximum time in seconds between * 

two successive observations that are within the same pass or 
as a specified pass length based on time from the start of 
one observation (see Section 4). 

The fourth integer field on the Station Card 5 keyword card 
indicates the number of biases to be solved for with respect 
to the observation bias type (in the third integer field). 
Suppose a particular satellite orbit c0ntains.M passes, and 
the user has requested that N biases be solved for, where 
N 5 M. Then the first (N-1) biases correspond exactly to 
the first (N-1) passes, and the Nth bias corresponds to the 
Nth through Mth passes. 

The following example illustrates the use of the PASSTIME 
keyword card together with the Station Card 5 keyword. Sup- 
pose the DC observation span is 24 hours f o r  a satellite 
WhQSe period is 96 minutes (hence, the observation span 
covers 15 periods). Let a minitrack station observe the 
satellite during each satellite period for a maximum time- 
span of 15 minutes. To solve for an an observation bias f o r  
data type with no a priori bias value, then the following 
input is appropriate: 

(where * * * * * * *  is the alphanumeric station name) 

Columns 1 - 8 9-11 18 - 3 8  

PASSTIME 0 1200-0 

In this particular case, three biases, in total, are solved 
for. The first bias corresponds to the first pass (i-e-, 
first period), the second bias corresponds to the second 
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pass (second period), and the third bias corresponds to the 
third through fifteenth passes (third through fifteenth 
periods). If the following two Station Card 5 keywords are 
added, then the three biases for observation type m and two 
timing biases will also be solved for. (The first timing 
bias corresponds to the first pass, and the second timing 
bias corresponds to the remaining passes-) 

Columns 1 - 8 9 12-14 15-17 18-38 39-59 
/ * * * * * * *  5 3 3 0.0 0.0 
/ * * * * * * *  5 30 2 0.0 0.0 

Each new pass generates a new solve-for parameter. Thus, in 
the above example, eight bias parameters are solved for in 
the DC Program solution. 

3.2.1-9 Consider Parameters 

Consider parameters are those model parameters that are 
known with only limited certainty but are not being esti- 
mated. Nevertheless, their uncertainty increases the uncer- 
tainty (variance and covariance) of the solve-for variables. 
The consider mode (i.e., an execution using consider param- 
eters) is invoked by including the CONSIDER keyword card in 
the DCOPT subdeck, The consider parameters are specified in 
the same manner as solve-for parameters, and the keyword 
cards used are described in Section 3.2-1.8. The state 
parameters will be the only solve-for parameters. Consider 
parameters can be both dynamic and local and include the 
following: 

0 Dynamic Consider Parameters 

- Aerodynamic force parameter 

- Scale factor on the s o l a r  radiation accelera- 
tion 
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- Gravitational harmonic coefficients 
- Thrust model parameters 
- Attitude model parameters 

0 Local Consider Parameters 

- Tracking station locations 
- Observation biases (by pass) 
- Station t.irning biases (by pass) 

Any parameter designated as a consider parameter must be 
invoked in the force or observation model (e-g-, to consider 
the drag parameter.pl, drag must be included in the 
force model). 

When specifying consider parameters, the combined total num- 
ber of solve-for plus consider parametets can n o t  exceed 5 0 .  

Any state parameters specified will be solve-for parameters, 
and all other parameters will be consider parameters. 

If the input observation source is PCE data, only dynamic 
consider parameters can be considered. If the observation 
source is attitude sensor data, only observation biases and 
timing biases can be considered. 

3 - 2-1-10 Covariance Matrix 
For a DC Program run, the a priori uncertainty of the solve- 
for and consider parameters is input via the covariance ma- 
trix. In GTDS the a priori values of all elements of the 
inverse covariance matrix default to zero. If a nonzero 
inverse a priori covariance matrix is desired, the nonzeto 
elements of the covariance matrix must be input. Sec- 
tion 3.2.1.10 describes the input of the matrix in two 
parts, state elements and nonstate elements. 

3.2.1.10.1 State Covariance Matrix 

A COVARNC keyword card in the OGOPT subdeck is required to 
input the state covariance matrix. Because this matrix is 
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symmetric, only the upper triangle, as shown below, need be a 
input 

11 * 

m 22 

L 6 6 m 

The integer fields on this keyword card contain row and col- 
umn positions (in packed form) of the ma1:rix elements in the 
corresponding real fields of the keyword card. For example, 

Columns 1 - 8 9-11  1 2 - 1 4  15 -17  :L8-38 39-59  6 0 - 8 0  

COVARNC 12 34  66 1. 2. 3 .  

then m12 = l., m . = 2., m 
combinations of i, j = 1, -.., 6 and i 5 j. Thus, to estab- 
lish a full matrix, 7 COVARNC keyword cards are required to 
define the 2 1  elements of the upper triangle of the matrix. 

= 3,, and miij = 0 .  for all other 34 66 

0 
3.2.1.10.2 Nonstate Covariance Matrix 

Nonstate elements are the drag'coefficients, solar radiation 
coefficients, gravitational harmonic coefficients, thrust 
coefficients, right ascension/declinati.on coefficients, sta- 
tion positions, observation biases, and 1:iming clock 
biases. For these elements, only the square roots of the 
diagonal terms of the covariance matrix can be input (i-e-, 
the standard deviations). 

A standard deviation is input on the keyword card that spe- 
cifies the parameter(s)'to be solved for or considered. In 
particular, the keyword cards are as fo1:lows. 

0 DRAGPAR for the drag coefficient 

0 SOLRDPAR for the solar radiation coefficient 
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0 CNM or SNM for the gravitational harmonic coeffi- 
cients 

0 THRSTPAR f o r  thrust coefficients and attitude coef- 
f icients 

e Station Card 4 ( / * * * * * * * 4 )  for station position 

0 Station Card 5 ( / * * * * * * * 5 )  for observation and tin- 
ing clock biases 

For example, if the solar radiation coefficient is being 
estimated, then columns 6 0  through 8 0  of the SOLRDPAR 
keyword card contain the a priori standard deviation. 

3.2.1-11 Variational Equations for State Parameters 

Whenever a dynamic parameter P is being solved for or con-  

sidered, numerical solution of the variational equations for' 
?x/aP and aX/aP is generally required. However, in GTDS the 
user has the option to use an analytic solution if the param- 
eter P is a state variable, even though the orbit theory is 
nonanalytic. This is done by including in the OGOPT subdeck 
a STATEPAR keyword card with 1.0 in card columns 39 through 
5 9 .  In this case, the analytical partial derivatives are 
computed using the integrated state in a two-body analytic 
solution. 

With this option, other dynamic parameters can still be es- 
timated (or considered), in which case, the orbit generator 
will numerically integrate the variational equations with 
respect to these parameters. If the orbit generator is Vari- 
ation of Parameters and the Keplerian elements are solved 
for, the numerical variational equations can be applied. 

Otherwise, only the analytic option can be used. For anal- 
ytic orbit generators such as Brouwet, only the analytic 
solution to'the variational equations can be used, and only 
dynamic state parameters can be included in the DC Program. 
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3.2.1-12 Trackincr Stations and Ellipsoid Models 

The tracking data used by GTDS are initially obtained by the 
National Aeronautics and Space Administration's (NASA's) 
global network of tracking stations and transmitted to the 
NASA GSFC- At GSFC these data are preprocessed and even- 
tually transmitted to GTDS by one or more of the sources 
described on the OBSINPUT keyword card. GTDS determines 
which stations performed the tracking and builds a station 
geodetics working table by extracting from the Tracking 
Station Geodetics File pertinent stations data (height above 
the reference ellipsoid, geodetic latitude, longitude, the 
reference ellipsoid model number, station type, antenna off- 
set, north/south and east/west deflection, transmitter fre- 
quency, and catalog number). Thus, in a typical DC Program 
run, station data are obtained from G'TDS permanent files, 
and the user need not input these data. 

In case the required station geodetics are not i.ncluded in 
the permanent file, or if the user wishes to modify the sta- 
tion geodetics, user-supplied punched card input capability 
has been provided in GTDS. Sections 3.2.1.12.1 and 
3.2.1.12.2 describe this input capability, 

Stations in GTDS can be referenced to different ellipsoids 
(see Reference 2 1 ,  or the basic ellipsoid can be modified. 
This is explained in Section 3.2.1.12.3- 

3.2.1.12.1 Inputting a New Station in a DC Program Run 

If the station is not in the permanent file, a Station 
Card 1 keyword (/*******1, where * * * * * * *  is the alphanumeric 
station name) should'be included in a DMOPT subdeck. Infor- 
mation provided on this card includes the following: 

e Station index number 
0 Station type 
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0 Geodetic height 
0 Geodetic latitude 
0 Longitude (east of Greenwich) 

In addition, a Station Card 2 keyword (/*******2) may be 
input to specify other station-dependent data. If this key- 
word card is not input, the values will default as follows: 

0 Ellipsoid model number = 1 

0 Antenna offset = 0.0 

0 N/S deflection = 0.0 
0 E/W deflection = 0.0 

0 Transmitter frequency = (Function of the station type) 

3.2.1.12.2 Modifying Station Geodetics 

To modify existing station geodetics, include in a DCOPT 
subdeck a Station Card 1 keyword andlor a Station Card 2 
keyword with the required modifications. 

3.2-1-12-3 Ellipsoid Models 

GTDS includes the basic ellipsoid model 1 as its default 
ellipsoid (i-e-, semimajor axis of the ellipsoid equals 
6378.166 km, and inverse flattening of ellipsoid 
equals 298.3). This model can be changed by including the 
ELLMODEL keyword card in a DCOPT subdeck. 

In addition, GTDS can optionally have stations in the same 
DC Program run use different ellipsoid models (e-g., sta- 
tion A may use model 1, and station B may use model 2). To 
invoke this option, an ELLMODEL keyword card defining 
model 2 and a Station Ca:rd 2 kqyword card referencing sta- 
tion B t o  model 2 are required. 
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3.2.1.13 Observation Weicrhtinq e 
GTDS computes an observation weight, W, for each observation 
type according to the following formula 

where p is a geometric factor defined in Section 3.2.1-13-2, 
C 
deviation, and u2 is the a priori variance obtained from the 

2 observation preprocessor. Each of these variables except u 
can 'be modified as described in the follalwing sections. 

F 
and C6 are factors, u1 is the a priori observation standard 5 

3.2.1.13-1 Observation Standard Deviation (a,) 

For  each observation type, an a priori observation standard 
deviation is required. (The nominal values of the standard 
.deviations for various observation types are presented in 
Appendix A,) These values can be modified by including the 
OBSDEV or CHWT**** keyword card in a DMOP'T subdeck, For  

example, to modify the standard deviations for Goddard range 
and range rate (GRARR) S-band range and range rate to R 
and R2, respectively, the following input would be appro- 
priate when DODS format data was input: 

1 

Columns 1 - 8 9-11 12-14 18-38 39-59 

R2 OBSDEV 28 29 R1 

3.2.1-13-2 Geometric and Gain Factors 

is determined as follows: pF , The geometric factor, 

Observation Type pF 

Range, elevation, range rate C1 sin E + C2 
Az imu t h C3 COS E + C4 

Minitrack direction cosines P, m 1.0 - 
Others 1.0 
Default (all types) 1.0 
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C are local parameters, E is the computed where C1, C2, C3, 
elevation angle, and Oc is the computed P or m minitrack 
observation. Additionally, the parameters C5 and C6 are used 
in calculating the weighting. These six factors can be modi- 
fied by using the CWEIGHT keyword card in a DCOPT subdeck. 

4 

3.2-1.14 Observation Data Editinq 

Input observations that are in the timespan specified on the 
OBSINEUT card are stored in the Observations Working Fi'le. 
However, these observations can be edited so that only data 
that satisfy certain a priori specified criteria will be 
used in the DC process. 

The two modes of detailed editing are editing from the 
source(s) when creating the Observations Working File 
(mode 1) and editing from the Observations Working File 
(mode 2 ) .  In mode 1, edit keyword cards are included in a 
DMOPT subdeck, and the edited observations are not stored in 
the Observations Working File. In mode 2, edit keyword 
cards are placed in a DCOPT subdeck, and the edited observa- 
tions remain in the Observations Working File but are not 
used in the DC solution. In mode 2, however, the weighted 
observation residuals can be computed and reported by user 
option, 

To edit observations using either the DMOPT or DCOPT sub- 
decks, three keyword cards are included: ACCREJ, Abbb****, 
SAMPRTE (DMOPT only), and Dbbb****. The *'s represent a 
4-character station acronym- The ACCREJ keyword card must 
precede the Accept and Delete Specification cards 
(Abbb**** and Dbbb****, respectively) t o  indicate the 
number of such cards immediately following. The following 
edit criteria can be set on either of the edit specification 
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cards: station acronym (as part of the keyword), satellite 
object number, edit frequency, observation type, equipment 
mode, data rate, and edit timespan- (Object number, equip- 
ment mode, and data rate apply only to observations input in 
60-byte format-) Up to 40 edit specification cards may be 
input. The maximum number of 60-byte format observations is 
controlled by the MAXOBS keyword card. 

An observation that satisfies edit specifications is ac- 
cepted or deleted according to the first letter of the key- 
word card ( A  or D). If there are no Accept Specification 
cards in the subdeck, all observations that do not satisfy 
the delete criteria are accepted. If there is at least one 
Accept Specification card, all observations that do not sat- 
isfy the acceptance criteria are deleted. If an observation 
satisfies both the accept and delete criteria, it is deleted. 

Edit criteria are specified on either the Accept or Delete 
Specification cards in the following manner: 

Columns 

5 - 8  

9-11 
12-14 

18-38. 

39-59 
60-80 

149 

Edit Criteria 

Station acronym- The last letter of any station 
acronym is an indicator of the tracking system 
(see Section 4). If editing by tracking system 
rather than the station is required, 'ALLX' is 
substituted for the station acronym, with X re- 
presenting a tracker system code, 
Object number 
Edit frequency (every Nth or every AT second 
observation is accepted) 
A packed real word of 4, 8, or 12 digits; every 
4 digits represent a combination of GTDS observa- 
tion type, equipment mode, and data rate- The 
two leftmost digits represent the GTDS type, the 
third represents the equipment mode, and the last 
represents the data rate, If mode and data rate 
editing is not required, zeros are filled in, 
Start time of edit span 
End time of edit span 
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Type 1 and 9 
4 

Type 1 and 9 Type 1 +* 
T3 Tl T2 T4 

Specific examples of observation editing are given below 
(see Section 4 fox more detailed formats): 

1, Delete all range rate observations received from 
station ROSV from time TI to T2. 

Columns 1-8 19-38 39-59 60-80 

T1 T2 DbhbROSV 900.0 

2 ,  Accept all range and range rate observations re- 
ceived from station ROSV from time T to T4. 3 

Columns 1-8 19-38 39-59 60-80 
# 

T3 T4 AbbbROSV 9000100.0 

3. Assuming T3 T1 and T2 T4, and if examples 1 
and 2 are combined, then the following observations 
are accepted: 

Columns 1-8 12-1.4 19-38 39-59 60-80 
. ABbbALL3 5 100011001300,0 0.0 0.0 

5 .  Accept every 50-second USB observation of types 10, 
11, or 13 within the observation timespan. 

Columns 1-8 12-14 19-38 39-59 60-80 
AbbbALL3 -99 100011001300.0 0.0 0.0 

SAMPLRTE 50. 

3.2.1.15 Dynamic Mathematical Editing 

Dynamic mathematical editing deletes an observation from the 
DC process during an iteration if the computed elevation ' 

angle is less than a preset minimum, or a weighted residual 
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exceeds a statistical deviation. The observation is used in 
the next iteration unless it again fails the test(s). In a 
DC Program run, all these tests are generally performed. A 

user can modify the default test values, as described in the 
next two sections. 

3.2.1.15.1 Elevation Anqle Editinq 

The minimum allowable elevation angle is 0.0 degrees for all 
tracking systems by default. To modify this value for se- 
lected tracking systems, TRACKELV keyword card(s) containing 
tracking system numbers and their minimum elevation angles 
should be input in a DCOPT subdeck. 

3.2.1-15.2 Root Mean Square (RMS) Editing 

In GTDS each observation is rejected if its weighted resid- 
ual WR, exceeds a statistical deviation, S D ,  computed as 
f 01 lows : 

WR = W (0 - C) 
+ R M S ~ ~ ~  SD = N RMSi-l 

where W = the square root of the observation weight 
0 = the input observation 
C = the computed observation 

RMSi-1 = the standard deviation from the previous 
it erat  ion 

N = the sigma multiplier 
= the added factor R M S ~ ~ ~  

The default values of N and RMSADD are 3 . 0  and 0.0, respec- 
tively. The WR/SD comparison is sometimes called the 
3u test. The default values of N and RMSADD, as well as 
the initial R M S ,  which is equal to 1 . E  + 0 3  by default, can 
be modified via the EDIT keyword card. 

By modifying these values, the user c,an effectively accept 
all observations in a DC process (e-g., changing N or 
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to 1.E + 7 woulL cause virtually all observa RMsADD ions 

to be accepted). By making the initial RMS smaller, the DC 
Program would be made more selective in accepting observa- 
tions during the first iteration. 

3.2.1.16 Trackinq Data Observation Corrections 

Tracking data observations can be corrected for ionospheric 
refraction, tropospheric refraction, transponder delay, 
station antenna mount error, spacecraft antenna offset, 
range ambiguity, and signal propagation time delay. This 
latter correction is frequently referred to as light.time 
correction, Generally these corrections are n o t  performed 
in a DC Program run. Table A-3 in Appendix A defines the 

observation types for which each of these corrections is 
applicable.. To invoke these corrections, the user includes 
in a DCOPT subdeck the OBSCORR, Station Card 6, TRNDLY, 
RAMBOPT, RAMB****, and/or CMCORR k e p o r d  cards. The OBSCORR 
keyword card is required to invoke ionospheric refraction, 
tropospheric refraction, transponder delay, station antenna 
mount, or signal propagation corrections: the Station Card 6 

is optional. In addition, TRNDLY is used to define the 
transponder delay table, RAMBOPT and RAMB**** are used t o  

invoke the range ambiguity correction, and CMCORR is used t o  

invoke the spacecraft antenna offset correction. 

Information contained on the OBSCORR keyword card includes 
the frequency at which observations are corrected, the iter- 
ation on which to commence the corrections, which correc- 
tions are to be made, and the minimum elevation angle for 
refraction corrections. The frequency at which observation 
corrections are updated is specified by an integer n, which 
denotes that the corrections will be recalculated every nth 
iteration as a function of the updated state on that itera- 
tion. The default value of n is zero, which implies that no 
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. .  corrections will be made. The first iteration on which ob- 
servation corrections will be computed is specified by the 
integer i, which denotes that the corrections will be made 
for the first time on the ith iteration. The default value 
of i is 1. Thus, the corrections will be started on the ith 
iteration and updated every nth iteration thereafter. 

The first real field of the OBSCORR keyword card is a packed 
word that specifies the corrections to be made for all sta- 
tions. If it is not input, a Station Card 6 keyword must be 
input. The packed word, denoted IJKLl4, is defined as fol- 
lows: 

Letter Description - Action 

I Light time correction - =  1, yes: = 2, no 
J Ionospheric refraction correction* = 1, yes: = 2, no 
K Tropospheric refraction correction = 1, yes: = 2, no 
L Antenna mount correction = 1, yes: = 2, no 
M Transponder delay correction*it = I, yes: = 2, no 

F o r  example, a value of  11222.0 specifies that light time 
and ionospheric refraction corrections are to be computed 
f o r  all stations, but that tropospheric refraction, antenna 
mount, and transponder delay corrections are not to be com- 
puted. 

If the packed word is not input, at least one Station Card 6 
keyword must be input, specifying the type of corrections to 

*The ionospheric refraction correction option requires the 
WORKIONO keyword card in a DMOPT subdeck. This card will 
allow the program to create an ionospheric refraction work- 
ing file- 

**Whenever transponder delay corrections are to be made, the 
transpondet delay table must be input via the TRNDLY key- 
word card. 
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0 

be made. There will usually be as many of these keyword 
cards as there are stations in the DC Program run. (See 
Station Card 6 ( / * * * * * * * 6 )  keywocd in Section 4 for more de- 
tails.) 

The second real field of the OBSCORR keyword card is the 
minimum elevation angLe for refraction cocrections that are 
to be made. 

RMSB - RMSp < E 

RMSB 

3.2.1.17 Conver qence Cc i t e c ia 

In GTDS a DC Progtam run can be terminar;ed by one of  four 
convergence criteria as follows: 

where RMSB = the smallest computed RMS 
RMSp = the predicted RMS of the next iteration 

can be modified via the CONVERG keyword 
card 

E = the iteration Convergence ratio, which 

where i = the iteration number 
IMAX = the maximilm number of allowable itera- 

tions (which cdn be modified via the 
CONVERG keyword card) 

0 ID > IDMAX 

where ID = the number of consecutive divergent 
iterations (i-e., RMSi > RMSi-1 
for consecutive iterations) 

IDMAX = the maximum number of allowable con- 
secutive divergent iterations (This 
parameter can be modified via the 
CONVERG keyword card.) 
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a RMSi 5 RMSMIN 

where RMSi = 

RMSMIN = 

the RMS for iteration i 

the minimum allowable RMS, which can 
be modified via the CONVERG keyword 
card 

In GTDS the default values of the four input parameters are 

c = 0.0001 

IMAX = 15 

IDMAX = 3 

RMSMIN - 3 0 - 5  

To modify any of these parameters, the CONVERG keyword card 
containing the values in the proper columns is included in a 
DCOPT subdeck. For example, to modify E to 0 , 0 0 5  and IMAX 
to 6 ,  input the following: 

Columns 1 - 8 11 18-38  

CONVERG 6 0.005 

The CONVERG keyword card can also be used to invoke a stream- 
lined version of the DC Program called the observed minus 
computed (0-C) run. In such a run, these convergence 
criteria are not necessary. (For details, see the kevord 
card description for CONVERG in Section 4 , )  

3 . 2 - 1 . 1 8  Static Biases for Trackinq Data or Attitude Sensor - Data 

Station-dependent biases can be applied to each input obser- 
vation or to the station time- 
function of the observation type (e-g., range, range rate) 

The obseryation bias is a 

and is subtracted from the input observation. The timing 
bias is added to the observation time from a given station- 

In GTDS the default values of the biases are zero. To input 
nonzero biases, use a DCOPT subdeck with a Station Card 5 
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keyword (i-e., /*******SI where * * * * * * *  is the alphanumeric 
station name) with the observation type number or, for time 
biases, the pseudo time type number 3 0  in card columns 12 
through 14 and the bias value in card columns 1 8  through 
3 8 .  I f  minitrack or AZ-EL and X-Y mount angle error model 
biases are to be applied, mode and special bias type should 
also be specified in card columns 60 through 80. For 
example, to apply a timing bias of 0.01 second and a range 
bias of 0 . 5  kilometer to station ROSS (an S-band st'ation) 
and a zero set bias of 0.0001 for direct cosine angle L of 
equatorial mode to station ULASRAM (a minittack station) the 
following inputs are appropriate: 

Columns 1 - 9 1 3 - 1 4  1 8 - 3 8  6 0 - 8 0  

/ROSS k5 k5 k5 S 1 0 . 5  

/ROSSBBk55 30 0.01 

/ ULAMB k5 II 5 2 0.0001 1.0 

The user may input only one bias per catd where the bias ap- 
plies to the complete DC Program run timespan. The obser- 
vation types and associated numbers required are given in 
Appendix A. Minitrack and AZ-EL and X-Y mount angle error 
model modes and special bias types are given in the descrip- 
tion of the Station Card S keyword (Section 4 ) .  For atti- 
tude sensor data, a pseudo station name "SSSSSS" has been 
defined. This allows the program to add a bias for attitude 
sensor data. 

3.2.1.19 Output Reports 

At the beginning of a DC Program run the Initial Conditions 
Report is always printed. Pertinent Working File Reports 
will also be printed. By default the iteration reports will 
also be printed after each iteration. These reports include 
the Observation Residuals (0-Cs) Report, the Integration 
Statistics Report, the End-of-Iteration Elements Report, the 
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Convergence Report, the Variance/Covariance Matrix Report, 
and the End-of-Iteration Summary Report. 

The amount of output can be limited by the user, however, 
via the PRINTOUT keyword card. This keyword card, when in- 
cluded in a DCOPT subdeck, allows the user t o  print either 
some or all of the reports involved. In addition, the 0-C 
Report may be printed only every nth iteration if desired. 
(See the PRINTOUT keyword description in Section 4 for more 
deetails.) The PRINTOUT card is also used to generate plots 
of the observation residuals. If a p l o t  for a particular 
observation type for a particular station is required, this 
information can be defined via a Station Card 3 (/*******3)- 

For users who wish t o  look at intermediate results of a DC 
Program run, intermediate output is available in NAMELIST 
format. This output provides information in terms of pro- 
gram variables. The report. is activated from various DC 
Program subroutines, and output can occur every mth observa- 
tion of every nth iteration. To invoke intermediate output, 
the INTEROUT keyword card is used in a DCOPT subdeck. The 
keyword specifies the DC Program subroutine to be activated 
and the frequency at which output is to occur. The option 
to output osculating or Brouwer mean elements in the Orbital 
Elements Report is controlled by the DCFDR keyword card. 
(For other output control parameters,, see Sections 3.1.13 
and 3.1.16.) 

3.2.1.20 Data Base Retrieval 

Data base retrieval allows a user to modify certain default 
data values by retrieving the modified values from one of 
the GTDS permanent files (see Refererice 2, Section 10). By 
this method, different configurations of the default orbit 
generator can easily be retrieved as opposed to inputting 
all the required data on cards in an OGOPT subdeck. 
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for the orbit generator functions dy a Files can. be retrieve( 
inputting a DMOPT or OGOPT subdeck followed by the proper 
keyword caxds- The retrievable permanent files, the asso- 
ciated keywords, and descriptions of the resulting actions 
ace listed in the following tabulation. 

File(s) K e w o r d  

Earth or Lunar Potential POTFIELD 
Fields . 
Atmospheric Density WORKATM 
Models 
Astrodynamic Constants WORKCON 

GTDS Permanent Elements WORKELS 
24-HOUr Hold Elements 

Integration Coefficients WORKINT 

Impulsive Maneuvers WORKMAN 

Flight Sectioning Models WORXSECT 

Time Conversion 
Coefficients 

WORKTCOR 

Action 

Retrieve requested poten- 
tial model 
Retrieve requested atmos- 
pheric density data 
Retrieve requested model 
Retrieve requested ele- 
ments set or elements set 
nearest specified epoch 
Retrieve requested inte- 
gration coefficients 
Retrieve requested maneu- 
ver number 
Retrieve requested sec- 
tioning model 
Retrieve requested time 
correction data 

The specific derails of each keyword are givdn in Sec- 
tion 3 . 8 ,  Data Management (DATAMGT) Program, and in the Key- 
word Formats and Descriptions section of Section 4 .  

Data base retrieval also allows the user to construct work- 
ing files required for ionospheric refraction correction and 
station geodetics information used within a DC Program run. 
These files may be retrieved by placing the following key- 
word cards in a DMOPT subdeck: 

File Keyword Action 

Tracking Station 
Geodetics 

WORXGEO Retrieve required station 
geodetics 

Ionospheric Refraction WORKIONO Retrieve required iono- 
Generalized Coefficients spheric refraction model a 
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3.2.1.21 SLP Ephemeris File 

An SLP Ephemeris File contains data in the form of Chebyshev 
polynomial coefficients (see Reference 12). These data 
allow GTDS to compute positions and velocities of up to nine 
planetary bodies, to transform from selenocentric to 
selenographic coordinates, to transform from (or to) the 
mean equator and equinox of 1950-0 t o  (or from) true 
equator and equinox of date system. (See Reference 2 for 
details of the coordinate and time systems.) These various 
computations are required for the nonanalytic orbit 
generators and f o r  the calculation of observations. 

A 12-year mean of 1950-0 SLP File (or a TOD SLP File) is 
automatically available within GTDS. However, there will be 
instances when these files cannot be used (e.g., when the DC 
Program timespan is not covered by the files or when the 
user wishes to modify the planetary bodies for which 
ephemeris is desired or the degree of the Chebyshev 
polynomials used in curve fitting). 

To create a new file, the user must supply, in a DMOPT sub- 
deck, the SLPFILE keyword card and one or more of the fol- 
lowing keyword cards: SLPBODY, SLPCOORD, and SLPDEG. In 
addition, a JPL DE-19 or DE-96 format: planetary ephemeris 
tape i's required. (For further details on the use of these 
cards and the JPL DE-19 or DE-96 ephemeris tape, see Secd 
tion 3.8, DATAMGT Proqram- If the user wishes to create a 
file, see Section 5 for the JCL requirements.) 

3.2.1.22 Savinq Elements and Observations Files 

During each DC Program iteration, elements can be save in a 
24-Hour Hold Elements File, or in the GTDS Permanent Ele- 
ments File. These elements can then be used in another GTDS 
run- To save elements during a DC run, the WORKELS keyword 
card in a DMOPT subdeck is used. Elements will be saved on 
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the GTDS Permanent Elements or 24-Hour Hold E,ements Files 
upon request, and the element set number will be reported to 
the user in a GTDS report.. Users must supply a password on 
the WORICELS card to save elements in the Permanent Elements 
File. (See Section 4 for a description of the WORKELS 
keyword, ) 

During each DC Program run, an Observations Working File i,s . 

created. The file can be saved on tape and then reused in a 
subsequent DC Program run as a GTDS tape observation input 
souxce via the OBSINPUT keyword. To save the Observation 
Working File, the user includes in a DCOPT subdeck the key- 
word SAVE with a 1 in column 11. A tape on unit 46 is 

required in the JCL (see Section 5 ) .  

3.2-1.23 O R B I T ,  O R B 1 ,  and EPHEM Files 

Satellite ephemeris files in the ORBIT,.ORBl, and EPHEM 
formats can be generated in the DC Program for subsequent 
used by GTDS or other systems that need satellite ephemer- 
ides- The file generation option can only be used when the 
Cowell or time-regularized Cowell integrator is used. The 
oetion is invoked through the OUTOPT keyword card in the 
OGOPT subdeck. The orbit represented on the file will be 
the orbit used during the last DC Program iteration. The 
OUTOPT keyword parameters that define the  file type and the 
file timespan are fully described in Section 4, and asso- 
ciated JCL requirements are given in Section 5. 

Care must be taken in selection of the file timespan. Any 
ephemeris file timespan that lies within the observation 
timespan can be selected. However, when the user specifies 
a file timespan that extends outside the observation time- 
span, certain restrictions exist, based on the final direc- 
tion of integration during the differential correction 
process. The orbit generator will complete integration in 
the forward direction if epoch time is not later than the 

149 

3-80 



DOC. NO. REV. NO- 
SD-85/6738 2 

latest observation time. If epoch is, later than the latest 
observation time, the final integration direction will be 
backward. With these points in mind, the following 
restrictions apply t o  file timespans: 

0 For both forward and backward integration, an 
ephemeris file may not begin1 earlier than the 
earliest of either epoch time or the first 
observation time. 

0 When the final integration direction is backward, 
the ephemeris file may not ernd later than the 
latest observation time- 

3.2.1.24 SOR Generation 

A SOR can be generated in a DC Program run through use of 
the SELOUT keyword card in the DMOPT.subdeck. Depending on 
whether the user input in column 9 of that keyword card is 
0, 1, or 2, the SOR will be generated f o r  both the first and 
last DC iterations, for the first DC Program iteration only, 
or for the last DC Program iteration only, respectively. 
Each SOR consists of the following four reports and optional 
punched output - 
3.2-1.24.1 SOR Category Summary 

The SOR Category Summary prints the validation statistics of 
each SOR category encountered in the run. An SOR category is 
determined by the GTDS observation type, equipment mode, 
tracking system, and data rate- Receive station acronym and 
ground transponder index number also may be used in forming 
SOR categories (see CHWT in Section 4). The data validity 
check for each category can be overridden by the SORVALID 
keyword card. The validation statistics of an SOR category 
are computed on all valid observations of the SOR category 
that have passed elevation angle. editing. The differences 
between the measurements observed anti computed (0-Cs) of these 
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observations are subjected to a maximum 0-C test and an iter- 
ative N-sigma test up to L iterations. Observations whose 
0-Cs fail either of the tests are edited. The means and 
standard deviations of the 0-Cs are computed separately for 
the edited and unedited observations and are called the 
validation statistics of the SOR category. The nominal values 
of the maximum 0-C limits for various SOR categories are 
presented in Table A-4 of Appendix A. The default values for 
N and L are 3.0 and 6, respectively. These values can be 
modified by the user via the SORINPUT keyword card in a DMOPT 
subdeck. In addi.tion, the user can mix a pair of SOR 
categories as a single SOR category through use of the MIXPAIR 
keyvord card in a DMOPT subdeck. (See the SORINPUT and 
MIXPAIR keyword card descriptions in Section 4 . )  

3.2.1.24.2 Detailed Batch Report 

A batch comprises observations of the same tracking station, 
equipment mode, and data rate. Also, the time difference 
between consecutive observations in a batch, the timespan of 
a batch, and the number of observations in a batch cannot 
exceed specified limits. The default limit for the time 
difference between consecutive observations in a batch is 
300 seconds: for the timespan of a batch. 1.E + 6 seconds: 
and for the number of observations in a batch. 500  seconds. 

These values can be modified by the user via the SELOUT key- 
word card. (See the SELOUT keyword card description in 
Section 4). All the observations in the DC Program run  are 
sorted into batches according to the above criteria, and 
each batch is assigned a unique number. A Detailed Batch 
Report is generated for each batch that tabulates the obser- 
vations by time. For each observation, the observed value, 
the 0-C, and the associated data quality flags are printed. 

. 

Noise determination may be performed during a batch SOR. 
The minimum percentage of points needed is controlled by the 
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SELOUT keyword card. Other noise determination criteria are ' 

set by the NOIS**** keyword card for each station, where 
.****  is replaced by the station acronym. 

Batch calibration and validation statistics are printed after 
each Detailed Batch Report if the user has not input 0 in 
column 14 of SELOUT keyword card. The batch calibration 
statistics are computed the same way as the validation sta- 
tistics of an SOR category, except that the maximum 0-C and 
N-sigma tests now apply only to observations in a batch, 
The batch validation statistics are clbtained simply by com- 
puting the means and standard deviations of edited and 
unedited observations in a batch for each SOR category, The 
editing status of each Observation was determined when the 
validation statistics of each SOR category were computed. 

3.2.1.24-3 Recap of Batched 0-C Summary 

This report is a summary of all batch validation statistics 
printed according to batch number. 

3.2.1.24.4 Station 0-C Summary 

All observations that are received by the same tracking 
station are grouped together and the mean and standard 
deviation computed separately for the! edited and unedited 
subsets. The editing performed for the validation 
statistics computation is used, 

3.2.1.24.5 SOR Punched Output 

Punched output of the final vector and calibration statistics 
is available through use of the SELOUT keyword card. The 
final vector is punched in the same format as the ELEMENT1 
and ELEMENT2 keyword catds, The calibration statistics are 
punched, one card for each batch. Each card containing the 
batch calibration statistics will also have the following 
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information: -batch number, measure type, satellite inter- 
national designation, station name, day, hour of day, min- 
utes, and seconds of day. Tracking and Data Relay Satellite 
System (TDRSS) data will also include the forward and'return 
link TDRSS support identification code, service indicator, 
bit rate indicator, and Doppler count interval. 

3.2.1.24.6 SOR SUIIUlMKy Extract 

The user may request a subset of the data from the SOR to be 
output to a tape file with the use.of the SELOUT keyword 
card. The data that will be output are: 

a Batch number 
a Time of the observation 
0 Satellite identification (ID) 
0 Satellite acronym 

a TDRSS forward and return link ID, ,if applicable 
a Doppler count interval, if applicable 
0 Observed value 
a 0-c 
0 Data quality flags 
0 Minimum elevation 

When the SOR extract is requested, a JCL override for FRN 64 
is required. (See Section 4 for a description of the SELOUT 
keyword; see Section 5 for JCL overrides-) 

3.2.1.24.7 User Receive Center Frequency Report 

Whenever calibration statistics are requested, the User 
Receive Center Frequency will be formed for all batches 
containing undifferenced one-wa.y Doppler data. This fre- 
quency and associated RMS will appear directly below the 
noise statistics at the bottom of the SOR batch detail re- 
port. Provided that a t  least one batch has one-way Doppler 
data, a URC Frequency Recap Report will appear a f t e r  the 
Tracker Oriented 0-C Summary Report. The frequency 

3-04  
149 



DOC. NO. REV. NO. 
SD-85/6738 2 

statistics may be requested in the form of punched output 
with proper values on the SELOUT card. 

3.2.1.24.0 Tracking Data Validation Plot File Generation 

The Tracking Data Validation plot file can be generat.ed to 
FT62 through use of the SELOUT keyword card columns 15 
through 17 MN (right adjusted) with N = 7. It will be gen- 
erated f o r  the first and last DC iterations, f o r  the first 
DC Program iteration only, OK for the last DC Program 
iteration only, depending on whether the user input in 
column 9 of that keyword card is 0, 1, or 2, respectively. 

3.2.1.25 Spacecraft Attitude 

The ability to handle landmark observations (by infrared 
camera or other detector) is included in the DC Program. 
Necessary parameters for the spacecraft configuration, atti- 
tude, and spin are input by the PICBIAS and LNDPAR keyword 
cards. Spacecraft attitude parameters may also be input by 
the OASENSOR keyword card as well as the true-Earth horizon 
crossing option. 

0 
.3.2.2 SST (MULTIPLE SATELLITE) MODES 

The advent of the TDRSS era has imposed a unique set of re- 
quirements on GTDS for processing TDRSS tracking data, 
generating mulitple satellite ephemerides, and solving for 
the state of up to four different satellites simultaneously. 
A detailed description of the mathematical formulations used 
in the TDRSS data processing can be found in Reference 13. 
An overview of the TDRSS implementation, including original 
requirements, analysis, and design, can be found in Refer- 
ence 14. 

Some of the design features of the TDRSS DC Program capabil- 
ity were based on the GTDS SST/Applications Technology 
Satellite Relay (ATSR) processing capability, although the 
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TDRSS processing is separate from the SST processing. It is 
anticipated that, since the SST capability (one target and 
one relay) is just a subset of the TDRSS processing capa- 
bility, much of the SST ORBIT File generation, Observation 
Working File creation, and overall DC Program processing 
logic can eventually be removed from GTDS, and the TDRSS 
logic can be used instead. 

The DC Program options available for the processing of non- 
TDRSS data as discussed in Section 3.2.1 are available for 
TDRSS DC Program runs. To process TDRSS data, however, the 
use of TDRSS unique keyvord cards is required. There are 
restrictions on the available orbit generators and the type 
of relay satellite solve-for parameters that can be used. 
These restrictions will be explained in the following 
sections where appropriate. Some DC Program options are 
available for the user (target) spacecraft only, since a 
TDRS relay is treated as if i t  were just another tracking 
station when the GTDS DC Program is only solving for the 
state and/or dynamic parameters o f  the target satellite, 

3.2-2.1 DC Reauired Kevvords 

The keywords required for a TDRSS DC Program run are as 
follows. 

0 CONTROL--Initiates the DC Program run 

0 ELEMENTll--Sets coordinate system, reference 
central body, and first three components of s t a t e  

for the target satellite 

0 ELEMENTZ1--Sets the second three components of 
state for the target satellite 

These keyword cards may be omitted if epoch and elements are 
obtained from sources other than card input (see Sec- 
tions 3.2.1.3 and 3.2.2.3). 

L 
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state 

OBSINPUT--Specifies the observation input sources 
and acceptable times 

ORBTYPE--Sets the orbit generator type and related 
parameters for the target satellite 

TD’ROPT--1dentif ies the subdeck as the TDRSS proc- 
essing subdeck 

END--Indicates the end of the TDROPT subdeck input 

FIN--Indicates the end of DC: Program input 

The first card in the DC Program input deck must be the 
CONTROL card, which is used to initiate the DC Program. The 
mandatory keyword cards ELEMENT1, ELEMENT2, EPOCH, OBSINPUT, 
and ORBTYPE must follow the CONTROL card. 

The TDROPT subdeck turns on the TDRSS processing mode. The 
TDROPT subdeck must be the first subdeck in the card deck. 
If any data management functions are required, the TDROPT 
subdeck keyword cards must be followed by the DMOPT subdeck 
keyword, optional data management keywords, and the de- 
limiter keyword END (see Section 3.2..2.1). If required, the 
subdeck keywords DCOPT and OGOPT with the proper optional 
keywords and END delimiters may then follow. These latter. 
two subdecks may be in any order. The final card must be 
the keyword FIN, which indicates the end of the deck. This 
program input deck can be followed by another program input 
deck or decks that cause sequential runs of the other GTDS 

programs. 

~ 

’These keyword cards may be omitted if epoch and elements are 
obtained from sources other than card input (see Sec- 
tions 3.2.1.3 and 3.2-2.3). 
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A detailed description of all keywords is presented in Sec- 
tion 4 of this document. 

3.2.2.2 DC Optional K e w o r d s  

Section 3.2.1.2 lists all the optional keywords, except for 
the TDBOPT subdeck, that may be included in a m R S S  DC Pro- 
gram run. 

The optional keyword cards in the TDROPT subdeck are as 
follows. 

TDROPT--Identifies the subdeck type as the TDRSS 
Subdeck 

Specification of relay satellite identification 
numbers 

- TDRID--Sets the TDRS identifier and 7-digit 
international designator (This card must be 
the first card in the TDROPT subdeck,) 

Generation of SORs 

- TDRBATCH--Sets the batching criterion over- 
rides for TDRSS data in the SOR 

Change a priori covariance matrixes 

- TDRCOV1--Sets the upper triangle of the 
a priori state covariance matrix for the relay 
defined in position 1 

- TDRCOVZ--Sets the upper triangle of the 
a priori state covariance matrix for the relay 
defined in position 2 

- TDRCOV3--Sets the upper triangle of the 
a priori state covariance matrix for the relay 
defined in position 3 
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0 Specification of relay initial state components and 
epoch 

- TDRELEMl--Sets the coordinate system of input, 
reference system and first three components of 
state for a relay satellite 

- TDRELEM2--Sets the second three components of 
state for a relay sate1,lite 

- TDREPOCH--Sets the epoch of the initial state 
f o r  a relay satellite 

- TDRWKELS--Specifies the retrieval of state 
components from various GTDS files 

0 Specification of output fi.las 

- TDRFILES--Sets the level and start and end 
times of output ORBIT Files for the relays 

e Specification of the order and degree of the geo- 

potential 

- TDRMODEQ--Sets the maxj.mum order and degree to 
be used in evaluating the geopotential when 
computing the equations of motion of a relay 
sa tell i te 

- TDRMODVE--Sets the maximum order and degree to 
be used in evaluating the geopotential when 
computing the variational equations of a relay 
sate1 l i  te 

149 

e Specification of options for the observations 
working file 

- TDROBSIN--Sets the TDRSS obsetvation data 
input acceptance criteria 
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0 specification of orbit generator options 

- TDRORB--Sets the orbit generator type for a 

relay satellite 

- TDRSTEP--Sets the integration stepsize for a 

relay satellite 

0 Specification of dynamic soLve-foc parameters 

- TDRREFLC--Sets the solar reflectivity param- 
eter and options for a relay satellite 

- TDRSTPAR--Sets the stdte solve-for parameters 
options for a ceLay satellite 

0 Specification of teLay sateLlite parameters 

- TDRSCPRM--Sets the spacecraft mass, diameter, 
and average ccoss-sectional aKea for a relay 
satellite 

0 Specification of transponder delays 

- TDRXPNDR--Specifies satellite transponder 
delays €or a relay sateLlite 

3 . 2 . 2 . 3  Initial Elements dnd Epoch 

The appropriate elements for the user satellite and up to 
three relay satellites per DC Program run can be retrieved 
Erom t h e  following sources: 

1. GTDS keyword card input (through the use of 
ELEMENT1. ELEMENT2, TDRELEM1, TDRELEMZ, SSELEM1, 
and SSELEMZ, keywords) 

2 .  GTDS Permanent ELements File (TDRWKELS keyword) 

3 .  24-Hour Hold Elements File (TDRWKELS keyword) 

4. Graphics input sources 

5 .  GTDS ORBIT Files 

6 .  Code 500 EPHEM Files (0-C run only) 
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The a priori elements for all relay satellites may be re- 
trieved from a pregenerated ORBIT File or a PTOF through the 
use of the TDRWKELS keyword and by supplying the desired 
epoch and an ORBIT File for the desired satellites. This 
allows the GTDS user to process TDRSS, tracking data without 
having to know and supply a priori elements f o r  the TDRS 
relays. Online ORBIT Files are maintained for all TDRS 
relays and can be used for element reitrieval or as the 
reference orbit for a relay during TDRSS observation 
modeling (see the TDRORB keyword in Section 4 ) .  

3 .2 .2 .4  Observation Sources 

The DATAMGT Program controls the creation of the Observation 
Working File as in non-TDRSS runs. TDRSS ttacking data can 
be retrieved from either a tape or di’sk data set which has 
been created using the standard GSFC 60-byte tracking data 
formats. Tracking data can also be retrieved from the 
60-byte Observations Data Base. There is no restriction on 
mixing TDRSS tracking data with ground-station tracking data 
in a DC Program Observations Working File. However, i t  is 
not now possible to use multiple sources of tracking data 
input to retrieve TDRSS tracking data. except for the case in 
which one of the sources is a 60-bytei partial batch file. 
All tracking data to be included in al TDRSS DC Program run, 
whether i t  is ground-based tracking clf the user satellite or 
the relays, or relay tracking of a user (satellite-to- 
satellite), must be retrieved from only the 60-byte sources 
(see the OBSINPUT keyword). It is nclt possible at present 
to save a previously created Observation Working File via 
the SAVE keyword and use it as observation data input to 
another TDRSS DC Program execution. 

To provide for efficient processing of observation data dur- 
ing a TDRSS DC Program run, the Observation Working File will 
contain several distinct sets of timet ordered observation 

3-91 
149 



DOC. NO. REV. NO. 
SD-85/6738 2 

data. The type of data to be included can be controlled by 
the OBSINPUT and TDRBATCH keywords. If direct ground station 
tracking of the target (user) satellite is to be processed 
during the DC Program, the observation input sources will be 
searched first for  this type o f  data, which will be retrieved 
and stored as the first set of data on the observation working 
file. Next, the direct ground station tracking of the relay 
satellites will be retrieved and stored in separate sets on 
the Observation Working File, one set for each relay satellite 
for which observat'ions are to be processed. Finally, the 
input observation sources will be searched for'all measure- 
ments that must use the TDRSS ob- servation modeling routines 
(satellite-to-satellite and relay tracking of ground trans- 
ponders) and the observations will be retrieved and placed in 
a time-ordered set on the. Observation Working File. This 
results in up to five distinct sets of observation data on the 
Observation Working File. 

The separate sets of data allow for efficient retrieval of 
satellite position and velocity from the ORBIT Files during 
observation modeling. This also means that the observation 
modeling routines for direct tracking data can be called into 
main memory and remain there during the processing of the 
direct tracking data for the user satellite and all of the 
relays. When the processing of direct tracking data is 
completed, the observation modeling routines can be replaced 
with the TDRSS modeling routines and the TDRSS'data can be 
processed. This eliminates costly overlay.segment loading and 
unloading. Separate sets of data also facilitate the creation 
of SOR batches in an efficient manner. 

The time ordering of observation data on the working file is 
not critical in the TDRSS processing mode, since ORBIT File 
retrieval is used during observation modeling, but i t  is 
essential if the most efficient way of processing data is 
des ired. 
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The DATAMGT Program will process the measurements related to 
TDRSS spacecraft orientation angles- These angles are 
treated as any other measurement by the Generalized Data 
Handler (GDH) and are output to the 60-byte tape or data 
base as a measurement. However, the angles are not treated 
as distinct measurements t o  be modeled in GTDS, but rather 
as information to be used to correct TDRSS relay range and 
Doppler measurements. To save space on the Observation 
Working File, the orientation angles (three components) are 
not included as individual records: iristead, they are in- 
cluded as part of the individual record of their associated 
range and Doppler measurements. 

3.2.2.5 ORBIT File Generation and Ret:rieval 

In a TDRSS DC Program run ,  all satellj.te trajectories are 
retrieved from DAIO generated ORBIT Files. The files for 
the TDRS relays can be generated prior to a' DC Program run 
and stored online for retrieval by all .  GTDS users. This 
allows users who are interested only in solving for the 
target satellite state and/or other dynamic parameters to 
treat the TDRS relays as any other tracking station, and i t  
alleviates the need to generate TDRS reference trajectories 
in every DC Program run. Alternately, temporary ORBIT Files 
for all satellites in a DC Program run can be generated 
within the DC Program. The creation and use of ORBIT Files 
is controlled by the ORBTYPE and TDRONB keywords where the 
ORBTYPE card is used for the target satellite (if any) and 
the TDRORB keyword for the relay satellites. An ORBIT File 
must be generated for the target satellite if it is included 
in the DC Program run. It is possible to not have a target 
satellite in the run if only direct tracking data of the 
relays and relay tracking of ground transponders are 
included. 
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The temporary ORBIT Files created for all satellites can be 
created in two modes: with partial derivatives and without 
partial derivatives- If a TDRS relay state vector and/or 
dynamic parameters are being solved for in the DC Program 
run. the file must be created with the associated partial 
derivatives. This precludes the use of the online permanent 
ORBIT Files stored for each TDRS whenever the TDRS is solved 
for, since the permanent online files do not contain partial 
derivatives, The GTDS user can, on option, create an ORBIT 
File in the DC Program run for each TDRS that is not being 
solved for without partial derivatives. 

The use of ORBIT Files allows for the use of unique epochs 
for each of the satellites included in a TDRSS DC Program 
run without causing a major impact. All the files m a i n t a i n  

the unique satellite dependent information, but all are 
created in a DC Program run using the reference system of 
integration (mean 1950.0 or true-of-reference) that was 
chosen for the target satellite on the ORBTYPE keyword, or 
in the absence of a target satellite, the first relay speci- 
fied. A detailed description of the choice of integration 
reference systems and its effect on orbit computation and 
observation modeling is found in Reference 13. 

During DC Program observation processing, a single data 
record from up to four different ORBIT Files can be re- 
trieved and stored simultaneously, This reduces the problem 
of record accesses for each ORBIT File, as a single record 
is usually sufficient for processing many tracking data 
points. The use of ORBIT Files does impose a restriction on 
the type of orbit theory used in a DC Program run. Cur- 
rently, only the high-precision Cowell and time-regularized 
Cowell orbit theories can create ORBIT Files. However, i t  

is anticipated that all GTDS orbit theories will be made 
available for use with the target satellite in the future. 
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3.2.2.6 Fliqht Sectioninq 

The multiple flight sectioning capability is restricted to 
be used for the target satellite only in TDRSS DC Program 
runs. (See Section 3.2.1.6 for DC Program restrictions.) 

3.2.2.7 Modified DC Proqram (Marauardt Alqorithm) 

The Marquardt algorithm,is available for TDRSS DC Program 
runs (see Section 3.2.1.7). 

3.2.2-8 Solve-For Parameters 

The TDRSS DC Program processing capablility provides for the 
complete set of  regular DC Program sol\ie-for parameters via 
the pertinent keywords discussed in !Section 3.2.1.8 plus the 
ability to simultaneously solve for the state vector and/or 
dynamic parameters for u p  to three TDRS relays. The dynamic 
solve-for parameters available are as follows: 

0 Target spacecraft state at target epoch 

0 Relay spacecraft states at relay epochs (via the 
TDRSTPAR keyword) 

0 Aerodynamic force parameter (drag) on the target 
sate1 l i  te 

0 Solar radiation pressure on the target satellite 

0 Solar radiation pressure on the relays (via the 
TDRREFLC keyword) 

0 Gravitational harmonic coefficients 

0 Thrust model parameters f o r  the target satellite 

0 Attitude mo'del parameters for the target satellite 

The static or local solve-for paramet:ers are as follows: 

0 Tracking station locations 

0 Observation biases 
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0 Ground or satellite transponder delays via the 
Station 5 and TDRXPNDR keywords, respectively 

General restrictions on  the use of the solve-for parameters 
are 

0 A maximum of 2 0  dynamic parameters can be estimated 
for each satellite (if available). 

0 A maximum of SO total (dynamic p l u s  static) can be 
estimated in a TDRSS DC Program ruri. 

3.2.2.9 Consider Parameters 

Consider parameter processing is not currently available in 
TDRSS DC Program processing. 

3.2.2.10 Covariance Macrix 

Currently, because of DC Program estimation software design 
constraints, only the diagonal elements of the reLay satel- 
lite a priori covariance matrixes can be used in the DC 

Program covariance matrix via the TDRCOVl ,  TDRCOV2, and 
TDRCOV3 keywords. 

3.2.2.11 Variational Equations for State Parameters 

Analytic state partial derivatives computation is available 
on TDRSS DC Program runs. If this option is chosen, it will 
apply for all satellites in the run for which state partial 
derivatives are computed (see Section 3.2.1.11). 

3.2.2.12 Trackinq Stations and Ellipsoid Models 

All options as specified in Section 3.2.1.12 are available 
for TDRSS DC Program runs. 

3.2.2.13 Observation Weiqhtinq 

All TDRSS observation measurement types have been assigned 
weighting factors. The full capabilities of the DC Program 
observation residual weighting and weight factor overrides 
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are available to the TDRSS DC Program processing. There are 
two sets of observation data weights available in GTDS, One 
set is used whenever an SOR is generated. The other set is 
used whenever the SOR is not requested. For many non-TDRSS 
measurement types, the weights are not identical in both 
sets. However, for TDRSS observations, the SOR and non-SOR 
data weights are identical, (For applicable observation 
types and data weights, see Tables A-2 and A - 4 . )  

3 . 2 . 2 . 1 4  Observation Data Editinq 

3 . 2 . 2 . 1 4 . 1  DATAMGT Editing 

The DATAMGT processing of TDRSS data supports the full ob- 
servation data editing capability. TDRSS observations can 
be accepted or deleted via the Abbb* ’ * *  and Dbbb**** key- 
words in the DMOPT subdeck, according to the following cri- 
teria: 

0 Vehicle identification code (VIC) or satellite ob- 
ject number .. Forward link ID . Return link ID 

0 Frequency of observations 

0 Ground transponder ID 

0 Observation type number . Equipment mode 

0 Data rate indicator 

0 Timespan , 

0 Receive station ID 

The Observation Working File generation routines also deter- 
mine the start and end times of the integration arcs used 
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for each satellite included in the run. The ORBIT File cre- 
ated for each satellite will cover only the span of data 
that is included in the run for that satellite; thus, unnec- 
essary ORBIT File processing is avoided. The span of the 
ORBIT File is extended at each end by some small time inter- 
val  (usually 1 minute) to provide a sufficient file span for 
observation modeling and correction computations. 

3.2.2.14.2 Editing of Residuals 

An observation already in the observations working file can 
be optionally included or deleted from the differential cor- 
rection computations via the AbbB**** and Dbbb**** key- 
words on the DCOPT subdeck according t o  the following 

criteria: 

0 Observation number 

0 Observation time 

0 Observa t ion type 

0 Tracker type [ i - e . ,  unified S-band (USB), GRARR, 

C- band, TDRSS ] 

0 Tracking station 

0 Satellite I D  (both target and relay I D S )  

0 Tracking mode (direct track, TDRS relay tracking, 
or a combination of both) 

0 TDRS measurement identifiers: 

- Return-link ID 

- Forward-link ID 

- Ground transponder ID (if a ground transponder 
is t rac ked ) 

- Equipment mode (selection based on S-band or 
K-band operation) 
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0 Data rate (every nth observation) 

0 Invalid data (validity flag on data is set on) 

3.2.2.15 Dvnamic Mathematical Editinq 

All options as specifed in Section 3.2.1.15 are available 
for  TDRSS DC Program runs including: 

0 Deviation (e.g., 3-sigma edit) 

0 Geometry (line-of-sight) 

- Elevation angle 
- Atmospheric obscuring 

TDRSS and SST data can be edited if i t  is determined that 
the signal path traverses too much of the atmosphere. This 
will be the case whenever the minimum ray path height, the 
height of the signal path above the Earth's surface, falls 

pheric editing will also occur when the center angle, the 
angle formed by the signal paths between the user satellite 
and the two relays, exceeds a specified minimum value. 
Atmospheric editing is not applied to TDRSS or SST ground 
transponder data. The default-values of the minimum ray . 

path height and maximum center angle can be modified using 
the ATMOSEDT card in the DCOPT subdeck. This card can also 
be used to request that no atmospheric editing be performed. 

- below a specified minimum value. For TDRSS data, atmos- 

3.2.2.16 Trackins Data Observation Corrections 

TDRSS observations can be corrected for the following errors: 

0 Tropospheric/ionospheric refraction 
0 Transponder delay 
0 Timing biases 
0 Range ambiguities 
0 Station antenna mount and pointing angle error 
0 User spacecraft antenna offset 
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Transponder delay corrections to TDRSS observations are in- 
voked with the TDRXPNDR keyword card in the TDROPT subdeck. 
(See Table A-3 for applicable corrections and observation 

types - 1 

3.2.2.17 Convercrence Criteria 

All options as specified in Section 3.2-1.17 are available 
i n  TDRSS DC Program runs .  

3.2.2.18 Static Biases for Trackincl Data o r  Transoonder 
Delays 

All TDRSS observation measurement types can have station- 
dependent biases applied, as described in Section 3.2.1.18. 
Transponder delays for ground transponders can also be ap- 
plied via’Station Card 5 ( / * * * * * * * 5 ) -  (See the keyword de- 
scription for Station Card 5 in Section 4 . )  

3.2: 2.19 Outuut Reuorts 

3.2.2.19.1 DC Program Initial Conditions Reports 

TDRSS DC Program processing has maintained the use of GTDS 
DC Program Initial Conditions Reports t o  avoid development 
of redundant capabilities. However, many of the Initial 
Conditions Reports have been modified to function in a loop 
and to generate a report for the target satellite and each 
of the relays included in the DC Program run; consequently, 
the reports can be repeated up to four times. The following 
Initial Conditions Reports will be generated for each s a t e l -  
lite in a pC Program run: 

e . Satellite ID and Configuration 
e Orbit Generator Options 
e Trajectory Initial Conditions 
e Initial Elements 
e Integration Information 
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The following reports show clearly labeled TDRS relay infor- 
mat ion: 

0 Output Data Sets Report 
0 Solve Parameters Reports 

3.2.2-19.2 DC Program Observation Residuals Reports 

Whenever TDRSS tracking data are processed in a DC Program 
run. an enhanced DC Program observation Residuals Report 
will be generated. The name of the satellite that is being 
tracked is displayed with each observation, Also, if the 
observation involves relay satellites, d unique TDRS identi- 
fier is displayed for the forward (uplink) relay and the 
return (downlink) relay. If the observation type is a dif- 
ferenced Doppler measurement, an indication of the reference 
and the comparison links is provided. If the data type is 
relay tracking of a ground transponder (bilateration), the 
station acronym of the transponder is displayed for each 
pertinent observation. 

3.2-2-19.3 End-of-DC-Program Reports 

The final DC Program reports have been modified to include 
pertinent TDRSS relay information. Appendix H contains ex- 
amples of the end-of-DC-Program reports. 

3.2-2.20 Data Base Retrieval 

All options as specified in Section 3.2.1.20 are available 
f o r  TDRSS DC Program runs, Users should 'note that models or 
other data retrieved from GTDS permanent files will be ap- 
plied to all satellites in the DC Program run (except for 
the use of the WORKELS keyword). 

3.2.2.21 SLP Ephemeris File 

All options as specified in Section 3.-2.1.21 ate available 
for TDRSS DC Program runs, Users should note that all sat- 
ellites included in a TDRSS DC Program run will use the same 
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SLP File as required for the target satelltte for the compu- 
tation of planetary ephemerides and rotation and transforma- 
tion matrixes. 

3.2.2.22 Savinq Elements and Observations Files 

A t  the end of a DC Program run, elements for the target and 
relay satellites can be saved in the 24-Hour Hold Elements 
File or in the GTDS Permanent Elements File. (Sec- 
tion 3.2-1.22 contains specific details for saving target 
satellite elements.) The TDRWKELS card is used to save TDRS 
relay elements at the end of a DC run. 

Currently the ObBervations Working File cannot be saved on 
tape, via the SAVE keyword, and used in a subsequent GTDS DC 
Program run as an observation input source. 

3.2-2.23 ORBIT, O R B 1 ,  and EPHEM Files 

At present, only ORBIT Files can be generated for output for 
the TDRS relays at the end of a DC Program run via the 
TDRFILES keyword. Output options for the target satellite 
are the same as those described in Section 3.2.1-23. 

3 . 2 . 2 . 2 4  Aoplications Technoloqv Satellite Satellite-to- 
Satellite Trackinq 

The G T D S  DC Program was originally designed to handle a 

single satellite; the implementation of the ATS SST (in- 
volving two satellites) necessitated extensive program 
changes and has impacted the input requirements- The ATS 
SST processing was implemented prior to the TDRSS processing 
capabilities and is not as flexible as the TDRSS capabili- 
ties. 

Since SST data are a mixture of relay tracking data and d i -  

rect tracking data for two satellites, i t  is necessary to 
use Option 2 on the OBSINPUT card so that the input observa- 
tions are sorted and separated inKO the proper Sets. The 
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observation data source must be 60-byte input, either from . 
sequential or data base files. The data management proc- 
essing does not support multiple input sources for SST 
data. However, for SST processing, the GTDS Observation 
Working File may have three sets of tracking data, all input 
from a single 60-byte input source: direct track telemetry 
data on the target satellite, direct track telemetry data on 
the relay satellite (ATS-6), and relay track data. The set 
of relay track data may include data through the relay 
satellite to the target satellite or to various ground- 
transponder stations. 

The required input keywords (as well as optional keywords) 
are shown in Table 3-1. The relay satellite keywords are 
input in the DCOPT subdeck. 

In addition, distinct force model options may be applied to 
the satellites by inputting target and relay satellite in- 
formation through flight section 1 and flight section 2, 
respectively, on keywords that allowr multiple section in- 
put. Also ORBIT Files are generated and used in processing; 
thus, i t  is necessary to supply the correct JCL overrides 
(FRN 80 f o r  the target and 97 for the relay satellite). ?he 
DC state solve-for parameters are available for the target 
and relay satellites. The relay satellite state will be 
solved f o r  i f  indicated on the SSELEMl keyword. A l s o ,  

partial derivatives with respect' to drag will only be calcu- 
lated for the target satellite: likewise, those with respect 
to solar radiation pressure will only be calculated for the 
relay satellite (i.e-, drag can be solved for the target 
satellite only and 'solar can be solved for the relay satel- 
lite only). 

When the relay data involve solely a relay satellite and 
transponder stations (i.e., there are no data involving two 

149 
3-103 



DOC. NO. REV. NO. 
SD- 0 5 / 6 7 3  0- 2 

Table 

Parameter 

Initial Conditions 

Epoch 
Orbit Generator 
Spacecraft Parameters 
Convariance Matrix 

satellites in the entire 

3-1. SST Keywords 

Kevword 
Relay Satellite Tarcret Satellite 

SSELEMl ELEMENT1 
SSELEM2 ELEMENT2 
SSEPOCH 
SSOPT 
SSOPT 
SSCOVAR 

EPOCH 
ORBTPYE 
SCPARAM 
COVARNC 

DC Program run), the initial con- 
ditions for the relay satellite must be input o n  the DC Pro- 
gram mandatory keywords and on the SST optional keywords. 
To specify more information about transponder stations, use 
the Station Cards (transponder's are station type 9). 

SST data processing cannot be performed in a DC Program " 

functioning in the TDRSS data processing mode. 

3 . 2 . 2 . 2 5  Nominal Ephemeris O o t i o n  - Maneuver Support and 
Residuals Computation 

A nominal maneuver trajectory is output by the non-TCOPS 
program G L W  prioc t o  the start of the maneuver. This 
trajectory (EPHEM File) is in standard Code 500 EPHEM File 
€ormat. GTDS can use this nominal ephemeris, rather than 
integrating from a state vector, when computing observation 
residuals. This requires only a single iteration of d 
differential correction. 

Residuals can be computed using a nominal trajectory for the 
burn provided in standard Code 500 EPHEM file format by the 
G W .  GTDS can read an EPHEM file and use the retrieved 
vectors t o  compute observations t o  be used in the 
calculation of residuals. This is done by accessing an 
EPHEM file retrieval routine as an option at the point in 
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the system where the orbit generator is called. ORBTYPE 14 

is used to trigger this process. 

Two restrictions must be observed when using GTDS for 
maneuver support: the computation of residuals using an 
EP- file can be performed only in d GTDS 0-C run (i-e., a 
single iteration of a DC run), and the 5080. There are no 
other restrictions placed on GTDS residual processing as a 
result of these modifications. The GTDS residual 
computations can be run in any node available to GTDS 
through the graphics interface G T D S ,  as a batch job, or in 
GSP graphics mode. Additionally, automatic residual 
processing is available through the graphics interface. 
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3 - 3  FILTER PROGRAM 

The Filter (FILTER) Program is no longer maintained in GTDS 

because of current operational requirements and load module 
overlay constraints. 
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3.4 EARLY ORBIT DETERMINATION (EARLYORB) PROGRAM 

The estimator algorithm in GTDS requires an a priori esti- 
mate of the spacecraft position and velocity to initiate the 
iterative estimation process (see Section 3.2 and Refer- 
ence 2). A reasonable estimate is frequently unobtainable 
because of large booster injection errors, maneuver 'errors, 
o r  unknown orbits of tracked satellites. The EARLYORB 
Program provides the capability to determine these starting 
values of position and velocity from a limited number of 
discrete tracking observations. 

The three methods by which the two-body starting vector may 
be computed are the Gauss Method, the Double-r Iteration 
Method, and the Range and Angles Method. By having three 
methods instead of one, the GTDS EARLYORB Program provides 
greater flexibility for handling data types and time dis- 
tributions of observations. In general, the only input 
required is the designation of the EARLYORB method and the 
observations to be used in the computation. Each method, 
along with its particular input requirements, is discussed 
in Sections.3.4.3 through 3.4.5. 

The EARLYORB Program may be invoked directly within a Dif- 
ferential Correction run by supplying a WORKELS card, with 
the Early Orbit option, in place of the EPOCH and ELEMENT 
cards. The EARLYORB Program will automatically select the 
epoch and elements and supply them to the DC. (It should be 
noted that the DSN Mark IVA angle data cannot be used at this 
time for early orbit determination because of some existing 
problems,. such as a lack of autotracking capability.) 

It should be noted that the OUTPUT option (invoked on the . 

CONTROL card) can be used to pass the orbital elements from 
an EARLYORB run 
elements can be 
and read by the 

to a DC or an EPHEM. Alternatively, the 
written to the TCOPS Vector Hold File (TVHF) 
EARLYORB Program. 
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Details of this are given in the GUI User's Guide- Alterna- 
tively, two.separate batch runs can be submitted. 

3.4.1 EARLY ORBIT DETERMINATION REQUIRED KEYWORDS 

The following keywords are required for  an EARLYORB Program 
run. 

0 CONTROL--Initiates the EARLYORB Program run 

0 EOINTRVL--Sets the minimum time difference between 
observations* 

0 EPOCH--Specifies epoch data 

0 OBSINPUT--Specifies the source of the observation 
input 

0 OBSNUME**--Specifies observations types and times 

0 TYPE--Specifies the early orbit determination 
method and provides initial estimates of geocentric 
distance, semimajor axis, and orbital motion direc- 
t ion 

0 FIN--Specifies the end of the EARLYORB Program 
input deck 

The first card in the EARLYORB Program input deck must be 
the CONTROL card that initiates the EARLYORB Program. This 
must be followed by the mandatory cards EPOCH, OBSINPUT, 
OBSNUME, and TYPE. More than one OBSNUME card can be in- 
cluded. If a modified station geodetics working file is 

*If this keyword card is omitted, the minimum time interval 

**This keyword is necessary only f o r  selecting the individual 
observations from an input data source to be used by the 
Early Orbit program. 

will default to 30 seconds. 
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required, the DMOPT subdeck should immediately follow the 
mandatory cards. A DMOPT subdeck need not be included if 
the observation source is input via cards. The DCOPT and 
OGOPT subdecks should.then be included as needed (see Sec- 
tions 3.4.2-2 and 3.4.2.3). The final keyword card must be 
the FIN card that indicates the end of the input deck. This 
EARLYORB input deck may be followed by other input decks 
that execute any of the GTDS programs. (Section 4 contains 
detailed descriptions of all keyword formats.) 

3.4.2 EARLY ORBIT DETERMINATION OPTIONAL KEYWORDS 

This-section lists all the optional keywords that may be 
included in an EARLYORB Program run. (See Sections 3.1 and 
3.2 for detailed descriptions of their use.) 

3.4.2.1 Optional Data Manaqernent Keywords (DMOPT Subdeck) 

The optional keyword cards in the DMOPT subdeck are as fol- 
lows : 

0 

0 

0 

0 

0 

0 

DMOPT--Identifies the subdeck type as the Data Man- 
agemen t Subd eck 

RTSATID--Specifies all satellite IDS for which 
partial batch data are to be requested 

RTPARAMS--Specifies the partial batch request 
parameters 

RSTA****--Specifies the tracking station for which 
partial batch data are to be requested 

RSYS****--Specifies the tracking system for which 
partial batch data are to be requested 

WORKGEO--Builds a working station geodetics file 
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3.4.2-2 Optional Orbit Generator Ke-words (OGOPT Subdeck) 

The optional keyword cards in the OGQPT subdeck are as fol- 
lows: 

a OGOPT--Identifies the subdeck type as the Orbit 
Generator Subdeck 

a CNM--Sets Cn,,, harmonic coefficients 

a SNM--Sets Sn,,, harmonic coefficients 

e HARMONIC--Sets entire harmonic field 

3.4.2.3 Ootional DC Keytjords (DCOPT Subdeck) 

. T h e  optional keyword cards in the DCOPT subdeck are as fol- 
lows: 

a DCOPT--Identifies the subdeck type as the DC Subdeck 

a /*******l--Station Card 1 - Defines station type 
.and position 

e /*******2--Station Card 2 - Defines station- 
' dependent data 

3.4.2.4 Optional E a r l y  Orbit Kewords (EOOPT Subdeck) 

The optional keyword cards in the EOOPT subdeck are as 
f 01 lows: 

e EOOPT--Identifies the Early Orbit subdeck 

e PRESEARCH--Used to activate the preliminary orbit 
search (used only by the Double-r method) and set 
related control patameters 

a EODOUBLR--Used to set control parameters for the 
Double-r method 

3-4.3 DOUBLE-r ITERATION METHOD 

The Double-r Iteration Method requires three observation 
pairs, where each pair is a set of two simultaneous angle 

3-111 
149 



DOC. NO. REV. NO. 
SD-85/6738 2 

measurements. The acceptable observation pairs are as fol- 
lows: 

a 

0 

0 C-band azimuth and elevation angles ( A ,  E) 

GRARR X30 and Y30 gimbal angles 

USB Xes and Ya5 gimbal angles 

0 Smithsonian topocentric right ascension and decli- 
nation angles (a, 6 )  

a Minitrack direction cosines ( e ,  m) 

Limitations on the observation pairs are as follows: 

0 Because the Double-r method accounts only for 
tvo-body motion, accuracy will deteriorate when 
using observations made over multiple Orbits. 

. Furthermore', observations that are close to an 
integer multiple of 180 degrees in true anomaly 
apart will be unlikely to prodeuce a convergent 
solution. For example, if the orbital period is 
88 minutes, a pair of observations 89 minutes apart 
may cause the method to fail. 

0 The components of the observation pair must be 
within 2 seconds in time of each other. 

0 Observation pairs must be no closer than 2 degrees 
in true anomaly to each other. 

Two additional input requirements for the Double-r iteration 
method are initial estimates of the geocentric distances of 
the first and second, observation pairs and the direction of 
orbital motion. These estimates can be provided in two 

ways. The first method is to enter the estimates on the 
TYPE keyword card. Alternatively, the preliminary orbit 
search may be used. 

The preliminary orbit search estimates the two geocentric 
distances for the first two observation pairs given an 
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estimate of the spacecraft's height a t  the time of the second 
observation- This method is invoked by providing a PRESEARCH 

keyword card in an EOOPT subdeck. 

In either case, an iterative process is performed on the 
geocentric distance estimates until either convergence or a 
limit of 35 iterations is reached. The orbital motion 
direction estimate is either direct (for orbit inclinations 
between 0 and 90 degrees) or retrograde (for orbit inclina- 
tions between 90 and 180 degrees), Alternatively, the soft- 
ware will determine the inclination lay leaving blank the 
pertinent field on the TYPE keyword card. 

Care must be taken when the orbital direction is determined 
by software. The direction determination logic is dependent 
on the time differences between the observations. 
Consequently, the software will determine the direction only 
if one of the following sets of condj.tions'holds: 

-l 

0 The time between the first and second observations 
is less than 84 minutes, and the time between the 
second and third observations is greater than the 
time between the first and second observations. 

0 The time between the second and third observations 
is greater than 84 minutes, and the time between 
the first and second observaitions is greater than 
the time between the second and third observations. 

The EODOUBLR keycard can be used to set the desired accuracy 
and control the rate of convergence for a Double-r method 
run. Additionally, this card allows the user to specify the 
number of orbital revolutions between observations when the 
observations are selected via OBSNUME cards. It should be 
noted that the EODOUBLR card has no effectqon the automatic 
selection of observations; it simply informs the software 
how to proceed with the observations that have been selected. 
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3 - 4 - 4  GAUSS METHOD 

Observation requirements for the Gauss Method are the same 
as those for the Doublelr Iteration Method, with one addi- 
tional limitation on the angle pairs. If the observations 
lie in an arc of more than 60 degrees in true anomaly, the 
method could diverge (see Reference 2 ) .  Therefore, the 
angle pairs must be in an arc of no more than 60 degrees in 
true anomaly. 

Estimates fox the geocentric distances and orbital motion 
direction age not required for the Gauss Method. Instead, 
an estimate of the semimajor axis (in kilometers) must be 
provided on the TYPE keyword card- The maximum number of 
internal iterations for the Gauss Method is 60, with termi- 
n a t i o n  of t h e  e a r l y  orbit determination process when t h e  

range residuals grow from one iteration to the next. 

3 . 4 . 5  RANGE AND ANGLES METHOD 

The Range and Angles Method is considerably different from 
the first two methods. It  accepts observation triplets as 
input. Each triplet consists of three simultaneous compo- 
nent observations, one range and two angles. The method 
will accept f r o m  2 t o  16 triplets ( i - e - ,  from 6 to 4 8  actual 
observations) of the following types: 

0 GRARR range, X 3 0 ,  Yjo 
0 USB range, XS5. Y S 5  
0 Range, azimuth, elevation 
0 Geocentric inertial X i, Yi, Zi coordinates 
0 Range and minitrack 0 and m direction cosines 

The individual observations within the triplet must be 
within 2 seconds in time of each other for near-Earth satel- 
lites. For distant geosynchronous satellites, larger time 
differences are allowable. The triplets may also be from u p  
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to 10 different tracking stations; however, as with the 
Gauss Method, if the triplets lie in an arc greater than 
60 degrees.in true anomaly, divergence may occur (see Refer- 
ence 2). Care must also be taken to ensure that the range 
observations are the correct measurements and not gated 
values. The only other input*required is an initial esti- 
mate of the semimajor axis in kilometers. 

The Range and Angles Method will terminate upon convergence, 
on a maximum of 20 iterations on the outer loop (with 
10 iterations of each of two internal loops), or on computa- 
tion of a singular matrix. There is one limitation peculiar 
to the Range and Angles Method: a circular orbit is inter- 
nally assumed on initial iterations, and problems may arise 
for satellite orbits with high eccentricities. 

3.4.6 SELECTION OF THE EARLY ORBIT DETERMINATION METHOD AND 
EPOCH 

The user can allow the EARLYORB Program to interogate the 
input data and select the best method for that data via the 
Automatic Method. This method will first determine if there 
are range measurements in the input data. If so, the Range 
and Angles method will be used. If there are no range 
measurements, the Gauss Method will he attempted and if that 
fails the program will switch to the Double-r Method- Since 
results will deteriorate if the input epoch is far in time 
from the data, the Automatic method will select obsetvations 
as close to the epoch as possible. 

Based on previous results of the EARLYORB Program, the fol- 
lowing order of method selection is s'uggested. 

0 Automatic method should be chosen whenever 
possible. It will choose, according to the 
contents of the observation input file, the most 
appropriate of the three Early Orbit Methods. 
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Where at least two triplets are available, the 
Range and Angles Method should be used. If diver- 
gence occuxs because of the true anomaly arc-length 
being exceeded or the eccentricity being too high, 
t x y  the Gauss Method. 

If no range measurements are available or if the 
Range and Angles Method fails, use the Gauss Method 
over a selected arc of 60 degrees or less in true 
anomaly. If that fails O K  if the observations are 
spread over an arc of more than 60 degrees in true 
anomaly, try the Double-r Iteration Method. 

The Double-r Iteration Method only should be used 
when the true anomaly arc is greater than 
60 degrees. 

Once the method to be used h a s  been selected, i t  is 
indicated with the TYPE keyword card. This keyword card also 
allows for the initial estimates of geocentric cistances and 
orbital motion direction for the Double-r Method. The epoch 
date desired is input via the EPOCH keyword card. If the 
epoch is input as zero, EARLYORB will supply the starting 
vector at the time of the second observation. A zero epoch 
should.be specified whenever possible, to optimize the 
EARLYORB results. If the epoch is specified, the vector at 
the second observation time will be updated using J t  
effects . 
3 . 4 . 7  SELECTION OF OBSERVATIONS 

Unless the user has selected individual observations to be 
used via the use of the OBSNUME keyword card, the EARLYORB 
Program will batch the input observations and order the 
batches as best to f i t  the users requirements input via the 
EPOCH, TYPE and EOINTRVL keyword cards. Since results will 
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deteriorate the farther the epoch is from the observations 
used, if d non-zero epoch is specified, the program will 
select observation as close to that epoch as the data will 
allow. If the user has specified the Automatic Method, and 
range measurements are available, the Range and Angles 
method will be attempted first. The selected observation, 
triplets or doublets will be separated by the time interval 
specified on the EIONTRVL card. No triplet OK doublet whose 
elevation anagle is less than the minimum specified on the 
EOINTRVL card will be included. 

If the user has opted to use the OBSWUME keyword card and 
selectes the observations, the contents of the input 
observations file must first be known. That is, the type 
and time of each observation to be selected must be known. 
Three angle pairs (containing 6 s c a l u  components) must be 
input to the Gauss Method and the Double-r Iteration Method, 
and up to 16 triplets of range of angles (containing u p  to 
48 scalar components) may be input to the Range and Angles 
Method. The observations selected must represent acceptable - 

triplets (i.e., all components of a pair or triplet must be 
within the allowable time of each other, they must all be 
from the same station, and they must be of the proper 
measurement types)- The observation measurements types and 
times are input on the OBSNUME keyword card. The triplets 
themselves must be separated by the time interval specified 
on the EOINTRVL card. 

The observations may alternatively be punched onto cards and 
input via DD card FTlSFOOl (see Section 5 for further JCL 

information). The format for ObSeKVatiOn card'input is as 
f 01 lows : 

Columns 1 - 8 9-11 12-14 15-17 18-38 39-59 6 0 - 8 0  

ssssssss iii jjj kkk time ob61 obs2 
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where ssssssss = the station name 
iii = the observation type indicator 
jjj = the range-gating indicator 

kkk = a blank field 
time = the observation time in the format 

obsl = the observation value 
obs2 = the corrected observation value 

yymmddhhmmss. ssss 

Since the card input file is not rewound after being read, 
i t  is necessary to indicate the beginning and end of each 
set of observations with cards that say "OBSCARD" and "END" 
(beginning in card column 1). The observation card input 
follows the GO.FT15FOOl DD card and aQpears as follows: 

OBSCARD 
ssssssss 17 1 731024212340- 1.4922565 1-4922637 

ssssssss 18 1 * 731Q24221730. -.628318S -.6283183 
END 
OBSCARD 
ssssssss 17 1 73 1025031017 - 6372.459 6372.462 

ssssssss 18 1 731025031712 -,327643 -.327639 
END 

In this example, two complete sets of Ob6erVatiOn input are 
provided, enabling the user to make two complete EARLYORB 
Program runs. 

3.4.8 EARLYORB PROGRAM OUTPUT 

Two output reports are provided by the EARLYORB Program, 
The first is a report of the observations used and the 
method type- The second is a report of the results of the 
computation. The second report includes the epoch time, 
converged elements in Cartesian, Keplerian, and spherical 
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cootdindtes, and the true anomaly at epoch. The output 
elements are Earth-centered and referenced to TOD coor- 
d ina t es . 
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3 - 5  DATASTM PROGRAM 

The DATASIM Program outputs a simu1at:ed observation file for 
a given spacecraft and set of stations. These observations 
are output as a function of an input tracking schedule and 
the stations observing the satellite. 

The DATASIM Program can output tracking data (i.e., range 
and range-rate, and m direction cosines, elevation, 
azimuth, gimbal angles) or attitude sensor data (i-e., Sun 
angle, Earth-in elapsed time, Earth-out elapsed time, and 
solar occultation). For attitude sensor data, a pseudosta- 
tion is used to simplify user input and program logic. 

The following are the input considerations for the DATASIM 
Program. 

0 

0 

a 

a 

a 

a 

a 

0 

a 

0 

0 

0 

Stations that observe the satellite (Section 3.5.3) 

Station geodetics (Section 3 . 5 . 4 )  

Satellite ephemeris data and output observation 
tape(s) (Section 3 . 5 - 5 )  

Tracking schedule (Section 3.5.6) 

Biases and random errors (Section 3.5.7) 

Station errors (Section 3-5-81 

Force model constants (Section 3.5.9) 

SLP Ephemeris File (Section 3.5.10) 

Observation corrections (Section 3.5.11) 

Output options (Section 3-5-12) 

Attitude sensor data simulation (Section 3-5-13] 

SST data simulation (Section 3 . 5 . 1 4 )  

\ 
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Users of the DATASIM Program must realize-that the observa- 
tions are computed with the same model as the DC Program, 
and hence the observation tape can be used as input to the 
DC Program for  prelaunch testing and analysis. 

Sections 3.5.1 and 3 . 5 . 2  list the permissible keywords for 
the DATASIM Program, and the subsequent sections describe 
the use of those keywords that ful’fill each basic DATASIM 
input requirement. 

3.5 . 1 DATA SIMULATION REQUIRED KEYWORDS 

The following keywords are required for a DATASIM Program 
run. 

0 CONTROL--Initiates the DATASIM Program run 

e DMOPT--Identifies the subdeck type as the Data Man- 
agement Subdeck 

e WORKGEO--Builds Station Geodetics Working File ( A  

list of stations must follow the WORKGEO keyword 
card) 

e END--Specifies end of the DMOPT subdeck 

e FIN--Indicates end of the DATASIM Program input deck 

The first card in the DATASIM input deck must be the CONTROL 
card that initiates the program. Following must be a Data 
Management (DMOPT) Subdeck, which will create the station 
geodetics working file via the WORKGEO keyword card. If a 
working SLP Ephemeris File or a refraction table is re- 
quired, the necessary keyword cards must also be included i n  
the DMOPT deck. 

An OGOPT subdeck can be input to change constants (e-g., 
flattening coefficient, radius. of central body, rotational 
rate, and attitude coefficients) and a DCOPT subdeck can be 
input to change the DATASIM default options. The final card 
must be the keyword FIN, This program input deck can be 

3-122 
1 4 9  



DOC. NO-. REV. NO. 
SD-05/6730 2 

followed by other program input decks that execute any of 
the GTDS pKOgKaIUS. 

In addition, an ORBIT File is required as input to the 
DATASIM Program to provide the satellite ephemeris data. It 
must have been created in a previous step (or job), usually 
via the EPHEM Program. The physical location of this file 
is described via keyword DSPEAZ and the JCL (see Secti'on 5, 
DD cards 19, 20, 21, and 22). Complete descriptions for all 
keyword Cards are presented in Section 4. 

The reader is reminded that a Data Management Subdeck (DMOPT) 
with d WORKGEO keyword card and a list of the stations being 
used are required. (If other Data Management keywords ace 
desired, they can also be inserted in the subdeck.) In the 
absence of any additional input, the DATASIM Program uses 
standard default values and options, which are as follows: 

0 A type 2 schedule is used, which generates a max- 
imum of LO passes per station and observes the sat- 
ellite every minute for the first 5 minutes of each 
pass (see Section 3.5.6 for more detail). 

0 A GTDS observation tape is generated, using an 
input ORBIT File on unit 22 (i-e., sequential file 
without partial derivatives) (see Section 3.5.5.2). 

0 DATASIM Program start and end times default to the 
timespan of the ORBIT File. 

0 The standard observation types that can be measured 
by the specified station are output (e.g., a mini- 
track station will compute the 11 and m direction 
cosine). 

0 Output observations include no biases, no random 
errors, no modeling effects, a minimum elevation 
angle of 0 degrees, and no station geodetic errors. 
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* Printer output consists of Initial Conditions Re- 
port, Observations Report, and DATASIM Summary Re- 

port. 

3 - 5 . 2  DATA SIMULATION OPTIONAL KEYWORDS 

This section lists all the optional keywords that may be 
included in a DATASIM Program run. The subsequent para- 
graphs list these keywords by subdecks. Detailed descrip- 
tions of the use of many of the keyword cards appear in 
Sections 3.1 and 3.2. 

3.5.2.1 ODtional Data Manaqement Keywords (DMOPT Subdeck*) 

The optional keydord cards in the DMOPT subdeck are as fol- 
lows. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

DMOPT--Identifies the subdeck type as the Data Man- 
agement Subdeck. 

OBSDEV--Sets observation standard deviation 

RELAYID--Specifies ATS relay satellite identifica- 
tion numbers 

SLPBODY--Sets central and noncentral bodies for 
generating the SLP Ephemeris Working File 

SLPCOORD--Sets SLP Ephemeris File coordinate system 

SLPDEG--Sets degree of curve-fit for bodies and 
rotation matrices 

SLPFILE--Indicates source of planetary ephemeris 
data to create working SLP file 

WORKIONO--Builds Ionospheric Refraction Working File 

/*******--(Station Cards 1 and/or 2) - Define sta- 
tion type, position, and dependent data 

*This subdeck is required. 
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3.5-2-2 Optional Orbit Generator Keywords (OGOPT Subdeck) 

The optional keyword cards in the OGOPT subdeck are as fol- 
lows: 

0 OGOPT--Identifies the subdeck type as the Orbit 
Generator Subdeck 

a ATTANG1--Sets polynomial coefficients for tight 
ascension or yaw angle 

0 ATTANGZ--Sets polynomial coefficients for declina- 
tion or pitch angle 

0 *BDROTATE--Sets body rotation rate 

0 BODYRAD--Sets equatorial radius for specified body 

0 FLATCOEF--Sets flattening coefficients for speci- 
f ied body 

0 INTEROUT--Sets intermediate output options 

0 TITLE--Sets run identification title 

3.5.2.3 Optional DC Kevwords (DCOPT) Subdeck) 

The optional keyword cards in the DCOI?T subdeck are as fol- 
lows. 

0 DCOPT--Identifies the subdeck type as the DC Subdeck 

0 DSPEA1--Sets DATASIM Program tracking schedule data 

0 DSPEA2--Sets input ephemeris file and end of 
DATASIM timespan 

0 DSPEAS--Sets DATASIM output options 

0 ELLMODEL--Sets ellipsoid model 

0 INTEROUT--Sets intermediate output options 

0 OBSCORR--Sets observation correction parameters 
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e 

0 

e 

0 

0 

0 

0 

0 

0 

0 

0 

3.5.3 

OASENSOR--Sets spin rate and mounting angle for 
attitude sensor data 

SSTSIM--Sets parameters used in simulation of SST 
data 

TRACXELV--Sets minimum allowable elevation angle 
for each tracking system 

TRNDLY--Sets transponder time delay table 

/*******l--Sets station type and position 

/*******2--Sets station-dependent parameters 

/*******5--Sets observation biases 

/*******6--Sets observation correction flags 

/*******7--Sets miscellaneous DATASIM schedule data 

/*******0--Set~ observation types and station errors 

/ *  * *  **S--Set s DATASIM tracking intervals 

STATIONS THAT OBSERVE THE SATELLITE 

- -  

The stations used in a DATASIM Program run are input through 
the DMOPT subdeck. In particular, the WORKGEO keyword card 
is immediately followed by the list of stations. Col- 
umns 13 through 14 of the WORKGEO keyword card contain the 
number of stations (maximum of 20). (Section 4 describes in 
detail the WORKGEO keyword card.) GTDS stores the station 
index number, station type (very high frequency (VHF), mini- 
track, C-band, S-band, or USB], geodetic height and lati- 
tude, east longitude, ellipsoid model number, antenna offset, 
north/south and eastlwest deflections, and transmitter 
frequency. 

There will be occasions when this station information will 
be unavailable in the Tracking Stations Geodetics File or 
when the user wishes t o  modify the existing geodetic infor- 
mation. The procedure to be followed in these instances is 
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described in Section 3.5-4. Specific instructions for in- 
putting pseudostations to generate attitude sensor data 
(i.e., Sun angle, Earth-in and Earth-out elapsed times, and 
solar occultation) are presented in !Section 3.5.13. 

3.5.4 STATION GEODETICS 

The following paragraphs describe how to input stations that 
are not in the Tracking Station Geodetics File or to modify 
geodetic information for stations that are in the file. The 
sections also describe the use of a different standard el- 
lipsoid model. 

3.5.4.1 Inmittins New Stations 

If a station to be used in the DATASIM Program is not in the 
GTDS Tracking Station Geodetics File, then a Station Card 1 
keyword with the following information should be included in 
the DMOPT subdeck: index number, station type (i.e., VHF, 
minitrack, C-band, S-band, U S B ) ,  geodetic height and lati- 
tude, and east longitude. The Station Card 1 keyword is of 
the form /*******l. where * * * * * * *  is the station name. The 
remaining data can be optionally input on a Station Card 2 

. keyword card or, otherwise, default values will be as- 
signed. (See Section 4 for a description of the /*******2 
card. ) 

3 . 5 . 4 . 2  Modifyins Station Geodetics 

If a user wis'hes to modify the geodetics data, Station 
Card 1 or Station Card 2 should be included in the DCOPT 
subdeck. 
tion keyword cards ia Section 4.) 

(The data to be modified are described on the sta- 

3.5.4.3 Ellipsoid Model 

Each station is referenced to ellipsoid model 1. This el- 
lipsoid has a semimajor axis of 6378.166 kilometers and an 
inverse flattening coefficient of 298.3. This model can be 
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modified by including in a DCOPT subdeck the EUMODEL key- 
word card with the modified values. 

Different stations in GTDS can reference up to five differ- 
ent ellipsoid models. For example, a new model may be input 
via an EUMODEL keyword card and labeled model 2. The sta- 
tion to reference this model must then be pointed to 
model 2. Hence, a Station Card 2 keyword card with a 2 (the 
model number) in column 14 is required (see Section 4). 

3 . 5 . 5  SATELLITE EPHEMERIS AND OUTPUT OBSERVATION TAPE(S) 

The DATASIM Program requires two sets of data files: (1) an 
input ephemeris file to compute satellite position and ve- 
locity and (2) output file(s) containing the observations in 
GTDS observation format or DODS observation tape format. 
These files, as used in the DATASIM Program, are described 
in the following two sections. 

3.5.5.1 Satellite Ephemeris Data 

To calculate observations for a spacecraft; i t  is necessary 
to have the satellite's position and velocity at the obser- 
vation time. The DATASIM Program satisfies this requirement 
by inputting a satellite's ephemeris over a given period of 
time as a data file and interpolating position and velocity 
from this data. 

This file is in the ORBIT File format (i.e., acceleration 
data). The file also h a s  a header that contains the satel- 
lite ID, stact and end times of the ephemeris data, epoch 
and elements used to generate the file, and other data. 

Thus, the file that is input to the DATASIM Program must 
have been generated prioc to execution of the DATASIM Pro- 
gram. This can be done either in the EPHEM Program (see 
Section 3.1.7) or in the DC Program (see Section 3.2.1.23). 
The file can be generated in the same or in a different job 

step. 
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One of the following four ORBIT Files is acceptable to the 
DATASIM Program: 

ORBIT File - Unit Number 

Disk data set with partial derivatives - 
direct access 
Disk data set without partial deriva- 
tives - direct access 
Tape data set with partial derivatives - 
sequential 
Tape data set without partial deriva- 
tives - sequential 

19 

21 

In a DATASIM Program run, the file on unit 22 (i.e., a se- 
quential ORBIT File of acceleration data without partial 
derivatives) is used by default. To change this, a DSPEA2 
keyword card in a DCOPT subdeck is included with the file 
being used indicated in columns 10-11- In addition, if the 
ORBIT File is a direct access file, the level number must 
also be input in column 14. For example, if a user had gen- 
erated level one of an ORBIT File on disk without partial 
derivatives in an EPHEM Program run, then to input the file 
into a DATASIM Program tun, the user must input the follow- 
ing card in the DCOPT subdeck: 

Columns 1 - 8 10-11 14 
DSPEA2 20 1 

In all cases, the correct DD card must be used in the J C L -  

3.5.5.2 Outout Observation Taoes 

By default, the DATASIM Program will output a GTDS observa- 
tion tape. To change this option (i-e-, to output a DODS 
observation tape or GTDS and DODS observation tapes) the 
user must include in a DCOPT subdeck the DSPEAl keyword card 
with n in column 14, where 

n = 0, output GTDS observation tape only 
n = 1, output DODS and GTDS observation tapes 
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n 2. output DODS observation tape only 
n = 3, output General Data Handler observation tape only 

For a GTDS tape, a DD card for unit 29 is required in the 
JCL: for a DODS tape a DD card for Unit 30 is needed: and 
for a GDH tape, a DD card for unit 91 is needed. See Sec- 
tion S provides detailed JCL requirements. 

3 . 5 . 6  TRACKING SCHEDULE 
\ 

'Tracking station scheduling information is required to spe- 
cify any of the following: 

e Type of the.tracking schedule 

0 Start and end time of the DATASIM Program 

e Satellite pass tracking frequency 

e Time intervals to observe the satellite and the 
rate at which to compute observations 

0 Elevation angle constraints 

0 Type of observations output 

The first three categories of data in the preceding list are 
station-independent: the remaining three are station de- 
pendent. Regardless of schedule information, observations 
are output only when the satellite is visible to a station 
(i.e., elevation angle is larger than some constraint value). 

To modify any of the default schedule information, d DCOPT 

subdeck is required with one or more of the following .key- 
word cards: D S P E A 1 ,  D S P E A Z .  OBSCORR., and the Station 
Cards 7, 8 ,  and 9. 

The description of the scheduling input data has been 
divided into two sections, station-independent data and 
station-dependent data. 
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3.5.6.1 Station-Independent Data 

Station-independent scheduling data are used f o r  all sta- 
tions in the DATASIM Program run. These data specify the 
type of tracking schedule, general st:art and end times of 
the DATASIM Program run, and tracking frequency used to de- 
termine satellite passes. 

3-5.6.1-1 Type of Tracking Schedule 

In the DATASIM Program, tracking schedules can be one of the 
following four types: 

0 Type 1 - Periodic--Fixed frequency observations 
during specified timespans repeated periodically - 

0 Type 2 - Satellite pass--Fixed frequency during 
station passes 

0 Type 3 - Special events--Fixed frequency during 
interval centered at apogee or perigee 

0 Type 4 - DODS observation tape--Observation times 
same as on an input DODS observation Cape 

The tracking schedule type parameter allows the user to spe- 
cify different means of inputting tracking intervals. A 

more detailed definition of each schedule type is given in 
Section 3 . 5 . 6 . 2 .  

The default value f o r  the DATASIM Program tracking schedule 
type is Type 2, the satellite pass- To change this type, d 
DSPEAl keyword card must be input with the proper value in 
column 11. The same scheduie type is; used for all stations. 

3,5.6.1:2 Start and End Times 

As in other GTDS programs, general start and end times are 
used, These times default to the stalrt and end times of the 
satellite ephemeris tape. To modify either default time, 
the start time must be input on the DSPEAl keyword card and 
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e the end time must be input on the DSPEA2 keyword card. How- 
ever, to be valid, the requested timespan must be within the 
timespan of the ephemeris file. 

3.5.6-1.3 Satellite Pass Tracking Frequency 

The DATASIM Program determines the approximate start and end 
times of each satellite pass for any station. A general 
tracking frequency (TPASS) is used to calculate these 
times. The default value is 6 0 . 0  seconds. To modify this 
value,  the desired frequency must be input on the DSPEAl 

keyword card in columns 60 through 80. 

3.5.6.1.4 Initial Revolution Number 

The revolution number is used for the printer output and the 
DATASIM Program summary file. This number is printed on the 
first summaty report and then u p d a t e d  f o r  e a c h  s u b s e q u e n t  

revolution. The default value is zero. To change the de- 
fault value. the desired revolution number is input on the 
DSPEAl keyaord card in columns 15 through 17. 

3.5.6.2 Station-Dependent Data 

Station-dependent data define the time intervals over which 
to observe the satellite, the observation frequency, the 
minimum elevation angle allowed, and the type of observa- 
tions output. Table 3-2 shows the permissible data used for 
each tracking schedule. Because the observation intervals 
and observation frequency are dependent on the tracking 
schedule type, they are discussed in Section 3.5.6.1. 

e 

3.5.6.2.1 Periodic Tracking Schedule 

A periodic tracking schedule is described as follows: given 
a basic set of NDELT time intervals (a maximum of 10) and d 

frequency, DELT, at which to compute observations within 
each interval, the basic set of time intervals is periodi- 
cally repeated every TIMSEE houts u p  to IPRIOD times. Thus, 
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a few time intervals per station are required, and they can 
be repeated periodically with minimum input requirements. 

Whenever a periodic tracking schedule is used, a Station 
Card 7 or a Station Card 9 can be input to the DATASIM Pro- 
gram, Station Card 7 contains the following: 

0 NDELT--number of intervals pet period 
0 IPRIOD--number of periods 
0 DELT--observation frequency rate (seconds) 
0 TIMSEE--length of a period (hours) 

I n  the absence of any input for these parameters, the pro- 
gram will use the following default values: 

0 NDELT = 1 
0 IPRIOD = 1 
0 DELT = TPASS (see Section 3.5.6.1.3) 
0 TIMSEE = 24 hours 

The individual time intervals are input on Station Card 9. 
This card contains the interval number, j, the start time, 
TLMES(1,j). and the end time, TIMES(2.j). 

In the absence of any input, the start time defaults to the 
start time of the DATASIM Program run, and the end time de- 
faults to the end time of the DATASIM Program run, In this 
case, the implication is that one period is being used. The 
following example shows the use of this mode, 

Let stations MADGA6P and FTMYR6P observe a satellite- The 
time frame is from midnight, October 9, 1972, to midnight, 
October 12, 1972, MADGA6P is to observe the satellite the 
first and third houfs of October 10, 1972, and this is to be 
repeated periodically every 6 hours for 48 hours. Hence, 
there are two intervals per period and there are eight per- 
iods (48/6=8). During each interval the satellite will be 
observed every 2 minutes. 
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FTMYR6P is to observe the satellite from midnight of 
October 10, 1972, to midnight of Octciber 12, 1972, and the 
obsetvation is to be made every 4 minutes. Assuming the 
DSPEAl and DSPEA2 keyword cards have been specified, the 
following keyword cards are also required (see Section 4): 

Columns 1 - 9 11 17 18 -, 38 39 - 59 
/MADGA6P9 2 8 120.0 6.0 
/MADGA6P9 1 721010010000.0 
/MADGA6P9 2 721010020000.0 721010030000.0 
/FTMY R 6 P7 240.0 
/FTMRY6P9 1 721011000000.0 

The / W G A 6 P 7  and /FTMYR6P7 keyword cards indicate that for 
MADGA6P 

0 NDELT .= 2 
0 IPRIOD = 8 

0 DELT = 120.0 seconds 
0 TIMSEE = 6.0 hours 

and for FTMYR6P 

0 NDELT = 1 (by default) 
0 IPRIOD = 1 (by default) 
0 DELT = 240.0 seconds 
0 TIMSEE = 2 4  hours (by default) 

Thus, MADGA6P will observe the satellite on October 10, W 
12h - 13 , 2 h - 3 ,  g h - 7 , 8  - 9 ,  1972, from 0 - 1 , 

14h - lSh, lah - lgh, 20h - 21h, and for the same time in- 
h h h  h 

tervals on October 11, 1972. 

The following should' be noted f o r  the periodic tracking 
schedule : 

0 If these two keyword cards are not input for a sta- 
tion, the station will observe the satellite every 
TPASS seconds from the start time to the end time 
of the DATASIM Program run (see Section 3.5.6.1.3). 
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. .  The intervals must be in increasing chronological 
order- 

0 If more than one period is used, the end time of 
the last interval minus the start time of the first 
interval must be less than the period length 
(TIMSEE). 

3 . 5 . 6 . 2 , 2  Satellite Pass Tracking Schedule 

The satellite pass tracking schedule is described as fol- 
lows, A station is to observe the satellite for NDELT 
passes. During each pass, observations are computed at a 
frequency of DELT secands for a length of TIMSEE seconds. 

-Whenever d satellite pass tracking schedule is used, Station 
Card 7 or 9 can be input to the DATASIM Program, Station 
Card 7 contains the following: 

0 NDELT--the number of passes €or the station 

0 'DELT--the observation frequency rate (seconds) 

0 TIMSEE--the length of time to observe the satellite 
in a pass (seconds) 

In the absence of any input for these parameters, the 
DATASIM Program defaults to: 

0 NDELT = 10 

0 DELT = TPASS (i.e., the frequency to compute satel- 
lite passes (see Section 3.5.6.1-3)) 

0 TIMSEE = 300.0 seconds 

The start time for a(given station can be input o n  Station 
Card 9 .  In this case, the interval number is set equal to 1 
in card column 11, and the interval start time is input in 
'columns 18 through 3 8 .  (In the absence of any input, the 
start time will default to the start time of the DATASIM 
Program run.) 
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The following example shows the use of this schedule type- 
Referring to the Periodic Tracking Schedule example (Sec- 
tion 3,5.6-2.1), let MADGA6P observe the satellite for  
20 passes, observing every minute for: the first 10 minutes 
of each pass. Let FTMYR6P observe the satellite f o r  six 
passes, observing every 4 minutes for the whole pass. Then, 
the following cards are required: 

Columns 1 - 9 10-11 18 - 38 39 - 59 
/MADGA6P7 20 600 - 0 
/FTMY R 6 P 7 6 240.0 l.D+lO* 
/FTMYR 6 P 9 1 721010020000.0 

In this case, the /MADGA6P7 and /FTMYR6P7 keyword cards in- 
dicate that f o r  MADGA6P 

0 DELT’ = 60 seconds (by default) 
0 TIMSEE = 600 seconds 

and for FTMYR6P 

0 NDELT = 6 

0 DELT = 240.0 seconds 

0 TIMSEE = 1.D + 10 seconds (which implies the entire 
length of the pass.) 

If any pass f o r  a station extends beyond the end time of the 
DATASIM Program run, that station will no longer observe the 
satellite. 

3.5-6.2.3 Special Event Tracking Schedule 

The specia1,event mode is described as follows. ,For a given 
satellite special event (IEVENT), apogee or perigee, the 
approximate time of the event is determined. An interval of 

*An arbitrarily large number. 
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2.0*TIMSEE seconds is built around the event, and the satel- 
lite is observed every DELT seconds within the interval. 
This interval is repeated NDELT times by adding the satel- 
lite's period to the above time interval. 

Whenever this mode is used, a Station Card 7 can be input to 
the DATASIM Program containing 

0 NDELT--the number of intervals 

0 IEVENT--the type of event (=l, apogee; =Z, perigee) 

0 TIMSEE--the length of half an interval about the 
time of the event 

In the absence of any input for these values, the DATASIM 
Program defaults to 

0 NDELT = 10 

0 IEVENT = 2 (perigee events) 
0 TIMSEE = 600.0 seconds 

3 . 5 - 6 . 2 . 4  DODS Observation Tape Tracking Schedule 

The DODS observation tape tracking schedule type is de- 
scribed as follows. A DODS observations tape is input to 
the DATASIM Program and observations are output at the same 
times and for the same stations as on the input tape. Thus, 
the tape completely defines the frequency of output. 

There are no time station-dependent parameters for this 
mode. A DD card for unit S t ,  which defines the input ObSeK- 
vation t a p e ,  is required in the J C L  (see Section 5 ) .  

3 . 5 . 6 . 2 . 5  Elevation Angle Constraints 

In the DATASIM Program, the elevation anqle constrains the 
output in the following two  ways: 

0 The minimum elevation angle allowed determines when 
a station can or cannot observe the satellite. 
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0 The elevation angle at which to start and end a . 

satellite pass determines the start and end times 
of the pass. 

The default minimum angle is 0.0 degrees for all tracking 
systems. To modify this value for a specific tracking sys- 
tem, input a TRACKELV keyword card with the tracking system 
number and the elevation angle, The default evaluation 
angle at which to start and end a satellite pass is 0-0 de- 
grees. To modify this value t o  R3, include a Station 
Card 7 keyword with the value R3. 

3 . 5 . 6 . 2 - 6  Types of Observations Output 

By default, in a DATASSM Program run, all types of tracking 
data observations that can be measured by a station will be 
output. These include the following observables: 

Station Type Observation Types 

' 3 0 ,  '30 

'30' '30 

VHF Range, range-rate, 
S-band Range , range-ra t e , 
Mini track Direction cosines and m 
C-band Range, azimuth, elevation 
USB (30 foot) Range, range-rate, X30, Y30 
USB (85 f o o t )  Range, range-rate, X B 5 *  YES 

The station type is defined on the Station Card 1 keyword- 

To modify these standard values, include a Station Card 8 
keyword that contains the types of observations to be out- 
put. For example, to output range and range-rate from VHF 
or S-Band stations, include: 

Columns 1 - 89 11 1.4 
/ * * * * * * e 8  1 9 

-\ 

where * * * * * * *  is the station name and1 1 and 9 are the obser- 
vation type numbers f o r  range and range-rate. Appendix A 

contains a complete list of observation type numbers. For 
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DODS ObSeKVatiOn tape tracking schedules, this option is not 
allowed. (See Section 3.5.13 for outputting attitude sensor 
data.) 

3.5.7 V M  ERRORS AND B I A S  ERRORS 

Each output observation can be computed t o  include a random 
error OK a bias error. By default these errors are not ap- 
plied. To use either type of error, include in a DCOPT sub- 
deck one OK more of the following keyword cards: DSPEAZ, or 
Station Card 5 .  These are described in the following two 

sections. 

3.5.7.1 Random Errors 

A random Gaussian error can be included in any simulated 
observation by inputting a DSPEA2 keyword card with a 1 in 
column 17. This will generate a random erfor with mean zero 
and a default standard deviation as defined in Appendix A -  

If the user wishes to modify the default st'andard deviation 
of the error for any observation type, the OBSDEV kepord 
card with the modified standard deviations must be used. 

3 . 5 . 7 . 2  Bias Errors 

Each output observation can be modified by adding a bias 
error. This is done by including a Station Card 5 with the 
appropriate observation type number and bias value. (See 
Appendix A for the observation type numbers.) 

A bias can be applied to the time tag. This is done by in- 
putting a Station Card 5 with a 30 in columns 13 through 14 
and the time bias value in columns 18 through 38. In this 
case, the time tag output with the observation will be the 
time prior to the application of the bias. For all bias 
errors, the bias is applied for the whole DATASIM cimespan 
and is independent of satellite passes. 
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3 - 5 . 8  STATION ERRORS 

In the DATASIM Program, geodetic errors can be applied to 
each station. This option allows for simple testing of the 
station recovery option in the DC Program by allowing modi- 
fication of the station geodetics. The errors are, by de- 
fault, not applied. To apply an error, a DCOPT subdeck 
should be included with a Station Card 8 keyword, The 
errors indicated on the keyword card are added to the geo- 
detics contained in the Geodetics Working File, and the mod- 
ified geodetics are used in observation computations. 
Another mode of inputting such errors is to input a Station 
Card 1 keyword with modified geodetic values. 

3.5.9 FORCE MODEL CONSTANTS 

The force model constants used in the DATASIM Program are 
the equatorial mean radius of the Earth (re), the flatten- 
ing coefficient of the Earth (f), and the mean rotational 
rate of the Earth (a). The values re and f are used for  
the calculation of satellite geographical coordinates, and 
is used for the calculation of the velocity of the local 
station coordinates. To modify the default values, include 
in an OGOPT subdeck the keyword cards BDROTATE, BODYRAD, or 
FLATCOEF to modify o, re, or f, respectively. 

Attitude data (constant right ascension and declination) are 
required f o r  attitude sensor data simulation. The user must 
input the ATTANGl and ATTANG2 keyword cards with the correct 
values for the DATASIM Program to simulate such data. 

3.5.10 SLP EPHEMERIS FILE 

The DATASIM Program requires the SLP Ephemeris File to 

0 Convert from lunar to Earth-centered coordinates 

0 Rotate from a mean equator and equinox of 1950.0 to 
TOD coordinates 
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If the permanent SLP Ephemeris File is not satisfactory for 
the DATASIH Program run, then, in the DMOPT subdeck, the 
SLPFILE keyvord card and one or more of the following key- 
word cards axe required: SLPBODY, SLPCOORD, SLPDEG, When 
this option is used, a JPL DE19 or DE96 format ephemeris 
tape on unit 34 is required as input, (See Section 3 . 8 . 4  

for directions on the use of the keyvords and Section 5 for 
J U  requirements for unit 3 4 . )  

3-5-11 OBSERVATION CORRECTIONS 

The DATASIM Program can simulate observations that include 
ionospheric refraction, tropospheric refraction, transponder 
delay, or antenna mount modeling effects, and whose time 
tags include a light time correction. By default, these 
effects ate not included. To allow for this option, include 
in a DCOPT subdeck the OBSCORR keyword card with a 1 in col- 
umn 11- This will activate the DATASIM Program to perform 
the above modeling effects. In addition, the WORKIONO key- 
word card in a DMOPT subdeck is required t o  build an Iono- 
spheric Refraction Workinq File, and the TRNDLY keyword 
cards are needed t o  create the transponder delay table. . 

(See Section 4 for greater detail on the specific keywords.) 

3-5-12 OUTPUT OPTIONS 

Besides an Initial Conditions Report, the DATASIM Program 
can output the following: 

0 A n  Observation Report 
0 A Data Simulation Summary Report 
0 A Data Simulation Station Contact Report 
0 Intermediate Debug Output 

A brief summary of each type of output and specific user 
options are presented in the remainder of this subsection, 
Modification of report options involves the keyword cards 
DSPEA3 and INTEROUT in a DCOPT subdeck or INTEROUT in an 
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OGOPT subdeck. In addition, a run identification title may 
be specified using the TITLE keyword card. 

3.5.12.1 Observation Reoort 

The Observation Report consists of a time tag [universal 
time coordinated (UTC)], station name, observation model 
effects, random and bias errors, elevation, true anomaly, 
height, and satellite revolution. By default, every obser- 
vation is included. To output data only every nth observa- 
tion, an n must be included in card columns 12 through 14 of 
the DSPEA3 keyword card. 

3.5.12.2 Data Simulation Summary Reo- 

The Data Simulation Summary Report prints the following 
items for each interval or pass of a station: start and end 
times, minimum and maximum elevation angles and associated 
times, first and last revolution numbers, number of observa- 
tions, and, for minitrack stations, the east/west and north/ 
south time of meridian crossing. This report is printed by 
default. To suppress this report, a DSPEA3 keyword card 
should be included with a 1 in card column 17. 

3.5.12.3 Data Simulation Station Contact Report 

The Data Simulation Station Contact Report is a condensed 
version of the Data Simulation Summary Report. The report 
prints the following data in tabular form for each revolu- 
tion: station name, times of acquisiti.on and loss of signal, 
time of maximum elevation angle, and elevation angle. This 
report. is not printed unless specifically requested. To 
request the report,,a DSPEA3 keyword card should be in- 
cluded, with a 2 in card column 11. 

If the user wants the Data Simulation Station Contact Report 
but no output observation tape, only the DSPEA3 keyword card 
is required in a DCOPT subdeck. The card must have a 1 in 
column 11. The DATASIM Program will default to a periodic 
tracking schedule over the timespan defined by the ORBIT 
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File and vi11 observe the satellite every 60 .0  seconds, The 
user can change the start and end times and the observation 
frequency rate by inputting the proper data. on the DSPEAl 
and DSPEA2 keyword cards. J C L  for output tapes is not re- 
quired. 

3 - 5 . 1 2 . 4  Intermediate Output 

Intermediate output from various subroutines can be printed 
in NAMELIST form via the use of the INTEROUT keyword card, 
This is useful for system testing of program modifications. 

3-5-13 ATTITUDE SENSOR DATA SIMULATION 

The GTDS DATASIM Program was originally designed to simulate 
tracking data, which required that stations be used: how- 
ever, attitude sensor data does not need station infotma- 
tion- Therefore, a fictitious station 'SSSSSS' must be 
included in the DATASIM Program- In addition, attitude 
data, satellite spin rate, and the sensor monitoring angle 
are required. To simulate attitude sensor data, the follow- 
ing should be included. 

0 A Station Card 1 with '/SSSSSS' in card columns 1 
through 7 and a 1 in card columns 9 and 11 must be 
included in the DMOPT subdeck. 

0 The attitude (constant right ascension and declina- 
tion) must b e  specified v i a  the ATTANGl and ATTANG2 
keyword cards in the OGOPT subdeck. 

0 The DSPEAl keyword card must be included in the 
DCOPT subdeck and must indicate generation of a 
GTDS observation tape using a periodic tracking 
schedule (i-e-. a 1 must appear in card column 11 
and a 0 must appear in card column 14). The time- 
span and observation frequency may also be speci- 
fied by the user. 

3-144 

. 149 



DOC: NO. REV. NO. 
SD-85/6738 2 

0 A Station Card 8 keyword with the desired observa- 
tion types in card columns 11, 14, and 17 must also 
be included. The valid observation types are these: 

o 52, Sun angle 
= 5 3 ,  Earth-in elapsed time 
= 5 4 ,  Earth-out elapsed time 
= 55, Solar occultation 

0 The OASENSOR keyword card, with the satellite spin 
rate and sensor mounting angle, must be included in 
the DCOPT subdeck. 

The attitude sensor data can only b e  generated on a GTDS 
observation tape- Observation biases can be applied by 
using a /SSSSSSk55 card and appropriate data, 

3.5.14 SST DATA SIMULATION 

The GTDS DATASIM Program was originally designed to simulate 
tracking data for only one satellite; however, ATS SST data 
requires an additional satellite and/or ground transponders. 
For input purposes, the additional satellite has a station 
name TARGET. The mode of the data, frequency indicator, 
type of range-rate and uplink frequency delta F also must be 
specified, To simulate SST data, the following input should 
be provided: 

0 Two ORBIT Files, one for each satellite 

0 WORKGEO card in the DMOPT subdeck containing all 
tracking stations and transponders: all stations 
must precede transponders 

0 A Station Card 8 for the tracking station in the 
DCOPT subdeck with the desired observation types in 
the integer fields 
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0 The SSTSIM keyword card in the DCOPT subdeck with 
the FRN of the relay satellite ORBIT File, mode of 
data, frequency indicator, type of range-rate and 
uplink frequency delta F 

0 A RELAYID keyword card in the DMOPT subdeck speci- 
fying the relay satellite identification number; 
the target satellite ID is on the control card 

0 The DSPEAl keyword card in the DCOPT subdeck indi- 
cating that a GDH tape (i-e., a 3 must appear in 
column 14) is to be output: either periodic or 
satellite pass tracking schedule may be used (a 
1 or 2 in column 11) 

Additional keyword cards must be included for the following 
tracking schedules: 

e Periodic tracking schedule (a 1 in column 11 of 
DSPEAl card) 

- A Station Card 1 with /TARGET in columns 1 
through 7, d 1 in column 9, and an 8 in 
column 17 must be included'in the DMOPT 
su bdec k . 

- Time intervals and periods for tracking sta- 
tions, transponders, and target satellite must 
be specified on Station Cards 7 and 9 with 
their respective station names. Time inter- 
v a l s  for tracking stations and transponders 
(or target satellite) should overlap where SST 
data i's to be simulated. 

e Satellite pass tracking schedule (a 2 in column 11 
of DSPEAl card) 
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- Include a Station Card 7 for the tracking sta- 
tion with l . D  + 10 in columns 39 through 59. 
This specifies that the tracking station will 
be used for the entire length of the relay 
satellite pass. The transponder and target 
satellite are scheduled automatically. 

1 SST data can only b e  output on a GDH tape. 

1 4 9  
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3-6 ANALYSIS PROGRAM 

The ANALYSIS Program provides the capability to study the 
sources and propagation of errors in the least-squares solu- 
tion of the orbit determination problem, Using simulated 
data from the DATASIM Program, the XNALYSIS Program computes 
the covariance matrix associated with a solve-for vector, 
given a tracking schedule and the variances of the observa- 
tion measurement noise. The input solve-for vector is 
analogous to the estimation vector used in the DC Program. 
The ANALYSIS Program uses the same Bayesian weighted least 
squares algorithm as the DC Program but. does not iterate, 
since the a priori value of the solve-for vector at epoch, 
which is supplied by the user, is assumed to be the best 
estimate. The ANALYSIS Program also has the capability of 
employing consider parameters to reflect the effects of 
errors in unadjusted parameters on'the covariance matrix of 
the solve-for vector (see Section 3.2.1.9)- 

3.6.1 ERROR ANALYSIS REQUIRED KEYWORDS 

The following keywords are required for an ANALYSIS Program 
run. 

a 

0 

0 

0 

0 

0 

0 

CONTROL-Initiates the A N U Y S I S  Program run 

DMOPT--Identifies the subdeck type as the Data Man- 
agemen t Su bdec k 

WORKGEO--Builds Station Geodetics Working File 
(List of stations for WORKGEO) 

END--Indicates the end of the DMOPT subdeck 

DCOPT--Identifies the subdeck type as the DC Subdeck 

DSPEAl--Specifies tracking schedule 

DSPEA2--Specifies type of input ephemeris file 
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0 END--Indicates the end of the DCOPT subdeck 

0 FIN--Terminates the input processor for error anal- 
ysis input 

The fi'rst card in the ANALYSIS Program input deck must be 
the CONTROL keyword card that initiates the ANALYSIS Pro- 
gram, Following the CONTROL card must be the DMOPT subdeck 
containing a WORKGEO keyword card to build a Station Geo- 
detics Working File. Following the DMOPT subdeck must be a 
DCOPT subdeck that specifies the tracking schedule and the 
type of input ephemeris file via the DSPEAl and DSPEAZ key- 
word cards. Additionally, any other desired keyword cards 
may be included within the DMOPT and DCOPT subdecks, respec- 
tively (see Sections 3.6.2.1 and 3-6.2.2). An OCOPT subdeck 
may also be included (see Section 3.6.2.3). The final card 
must be the keyword FIN. The ANALYSIS Program input deck 
can be followed by other program input decks that will cause 
execution of any of the GTDS programs. 

\ \ 

In summary, the required input includes the following: 

0 Input ORBIT File with partial derivatives and epoch 
state vector 

0 Stations and tracking schedule 

The ORBIT File must have been created previously, usually 
via the EPHEM Program. 

3.6.2 ERROR ANALYSIS OPTIONAL KEYWORDS 

Section 3.6.2 lists all the optional keywords that may be 
included in an ANALYSIS Program run. These keywords provide 
input of the following data types: 

0 List of solve-for parameters other than the 

Cartesian state: presently, in the consider mode, 
the solve-for parameters are limited to the state 
parameters 
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0 Consider parameters 

a A priori variances and covaciances of the solve-for 
parameters 

0 A priori variances of the consider parameters 

a Measurement variances 

0 Partial tracking times 

0 Mapping times 

0 Intermediate output requests; 

0 Force model pardmeters 

The keywords are given in the followhg sections. Many of 
these keywords are described in detai.1 in Sections 3.1 and 
3.2- 

tions, see Section 4 . )  

3-6.2.1 Optional Data Manaqement Rewords (DMOPT Subdeck) 

The optional keyword cards in the DMCbPT subdeck ace as fol- 

(For details on the keyword formats and descrip- 

lows. 

0 

0 

0 

0 

0 

0 

0 

DMOPT--Identifies the subdeck type as the Data Man- 
agement Subdeck (not that this is required) 

OBSDEV--Sets input observation n o i s e  standatd devi- 
ation 

SLPBODY--Sets central and noncentral bodies for 
generating the SLP Ephemeris Working File 

SLPCOORD--Sets SLP Ephemeris File coordinate system 

SLPDEG--Sets degree of curve-fit for bodies and 
rotation matrixes 

SLPFILE--Indicates source of planetary ephemeris 
data to create the SLP Ephemeris Working File 

WORRIONO--Builds Ionospheric Refraction Working File 

3-151 
1 4 9  



DOC. NO. REV. NO. 
s z ) - a w 6 n a  2 

0 /*******(Station Cards 1 and/or 2)--Define sta- 
tion type, position, and dependent data 

3.6.2.2 ODtional DC Keywords (DCOPT Subdeckl 

The optional keyword cards in the DCOPT subdeck are as fol- 
lows: 

0 DCOPT--Identifies the subdeck type as the DC Subdeck 

0 CONSIDER--Invokes the consider mode 

0 CWEIGHT--Sets weighting factor constants 

0 INTEROUT--Permits writing of intermediate output 

e MAPTIMES--Invokes epoch covariance matrix mapping 

option and specifies mapping times 

0 OBSCORR--Sets observation correction parameters 

0 PARTRTMS---Invokes partial tracking option and spe- 
cifies partial .tracking times 

0 TRACKELV--Sets minimum allowable elevation angle 

0 /*******(Station Cards 1, 2, 4, 5 ,  7, 8, and 
9)--Specify station-dependent data 

3.6.2.3 Optional Orbit Generator K e w o r d s  (OGOPT Subdeck) 

The optional keyword cards in the OGOPT subdeck are as fol- 
lows: 

0 OGOPT--Identifies the subdeck type as the Orbit 

Generator Subdeck 

0 CNM--Sets C harmonic coefficients n. m 
0 COVARNC--Sets the upper triangle of the a p r i o r i  

state covariance matrix 

0 DRAGCOF--Sets polynomial coefficients of p by 
1 

flight section 
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a DRAGPAR--Updates drag paramet:er and sets drag par- 
tial derivative switch 

a DRAGPOLY--Sets the number of polynomial coeffi- 
cients of p to be solved for by section (see 1 
keyword DRAGCOF, Section 4) 

a SCPARAM--Sets spacecraft parameters (area, mass, 
radius) 

a SNM--Sets S harmonic coefficients n.m 
a SOLRAD--Sets force model so lar  radiation option 

F a SOLRDPAR--Updates so la r  radia.tion parameter C 
and sets solar radiation partial derivatives switch 

a STATEPAR--Sets state vector partial derivatives 
switch 

a STATETAB--Sets required state parameters components 
to compute partial derivatives and/or solve-for 
state parameters 

0 TITLE--Allows input of various titles 

3.6.3 STATIONS AND TRACKING SCHEDULE 

The ANALYSIS Program stations and tracking schedule are 
completely specified as described in the DATASIM Program 
(see Sections 3.5.3, 3.5.4, and 3.5.6) by the DMOPT keyword 
WORKGEO with associated list of stations (for the tracking 
schedule) and by the DCOPT keywords DSPEA1, DSPEA2, and Sta- 
tion Cards 1, 2, 7, 8, 9. 

3.6.4 INPUT ORBIT FILE 

The input ORBIT File is specified as described in the 
DATASIM Program (see Section 3.5.5.1) via the keyword DSPEA2. 

3.6.5 SOLVE-FOR PARAMETERS 

The convention of solve-for parameter selection is the same 
as in the DC Program. See Section 3.2.1.8 for solve-for 
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parameter specification of both dynamic and local solve-for 
parameters and associated restrictions. 

3.6.6 CONSIDER PARAMETERS 

See Section 3.2-1.9, DC Consider Parameters, for a descrip- 
tion of consider parameter specification i'n GTDS.  

3.6.7 A PRIORI COVARIANCES (SOLVE-FOR AND CONSIDER) 

Error Analysis Program covariance matrixes are handled as in 
the DC Program, which is described in Section 3.2.1.10. 

3.6.8 OBSERVATION WEIGHTING 

The standard deviation for each observation type, , and the 
ObSeKVatiOn weights, W, can be modified by the use of the 
keywords OBSDEV and CIJEIGHT, respectively. See Sec- 
tion 3-2.1.13 for d more d e t a i l e d  description of these 

values. 

3.6.9 PARTIAL TRACKING TIMES 

The capability to compute a set of ANALYSIS Pzogram s o l u -  
tions with subsets of the entire observation data span is 
avaiLable through the use of the DCOPT keyword card 
PARTRTMS. This card specifies the beginning and end times 
of partial tracking and the time interval between data sub- 
sets. The user also has the option to request a standard 
deviation breakdown in d designated coordinate system. The 
standard deviation breakdown provides the sensitivity matrix 
of partial derivatives of errors in the solution vector vith 
respect to errors in the consider parameters. The variances 
of the solutioa parameters due solely t o  observation meas- 

urement noise are also included in this bceakdown. For the 
coordinate system of sensitivity breakdown, the user can 
choose Cartesian, Keplerian, or orbit plane: the default is 
Cartesian, The DCOPT keyvord CONSIDER must be included to 

make use of this option- The Partial Tracking Report 
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generated when partial tracking times are supplied is dis- 
cussed in Section 3.6-11-1- 

3-6-10 MAPPING TIMES 

The capability to map the covariance matrix of the state at 
epoch to other times via a state transition matrix is avail- 
able. To employ this capability, the! DCOPT keyword MAPTIMES 
must be used. This card specifies th.e mapping start and end 
times and the time interval between mapping times. If the 
user supplies mapping start and end times that lie outside 
the ORBIT File start and end times, the mapping times are 
automatically defaulted to the ORBIT File start and end 
times. 

The user also has the option to request a standard deviation 
breakdown in a designated coordinate system, The standard. 
deviation breakdown provides the sensitivity matrix of par- 
tial derivatives of errors in the solution vector with re- 
spect to errors in the consider parameters. Also included 
are the variances of the solution parameters due solely to 
observation measurement noise. For the coordinate system of 
sensitivity breakdown, the user can choose Cartesian, 
Keplerian, or orbit plane; the default is Cartesian- The 
user can a l s o  request that the mapped covariance matrix 
associated with the last mapping time be printed out. The 
DCOPT keyword CONSIDER must be included to make use of the 
standard devia t ion breakdown feature . 
3.6,11 SUMMARY OF ANALYSIS PROGRAM OUTPUT OPTIONS 

The ANALYSIS Program, provides as output an Initial 
Conditions Report, a Summary Tracking Report, a Partial 
Tracking Report, a Tabularized Summary Report, and a Mapping 
Report. In addition, a run identificatiob title may be 
specified (TITLE keyword card). The Initial Conditions Re- 
port, Summary Tracking Report, and Tabularized Summary Re- 
port are obtained from every ANALYSIS Program run. The 
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Summary Tracking Report is based on all the observations 
collected over the entire tracking span, The report content 
is the same as that of the Partial Tracking Report, The 
remainder o f  this section discusses the Partial Tracking 
Report and Hagping Report, which are optional. 

3.6.11-1 Partial Trackina ReDOtt 

A Partial Tracking Report may be requested via keyword 
PARTRTMS; it will be printed based on the observations c o l -  
lected and the normal matrix accumulated up to that tracking 
time. The Partial Tracking Report contains the following 
information: 

0 Observation summary by station and by data type 

0 Epoch variance/covariance matrix ( n o i s e  alone) and 
epoch solve-for variance/covariance matrix (con- 
sider mode)..vith associated correlation coeffi- 
cients* 

0 Standard deviations of orbital elements and solve- 
for parameters at epoch .. Sensitivity breakdown of the consider parameters 
and measurement noise effects on the epoch solve- 
for parameters in a coordinate system des.ignated on 
the PARTRTMS keyword card* 

3.6.11.2 Maooina Reoort 

The Error Analysis Program also provides the optional 
capability to map the epoch covariance matrix, resulting 
from the entire tracking span, to other times. The Mapping 

*In the event that the normal matrix cannot .be successfully 
inverted, only the observation summary by station and by 
data type is printed. 
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Report is controlled via the MAPTIMES keyword card and sup- 
plies the following information: 

0 Table of standard deviations; of position and ve- 
locity and their respective components in a 
designated coordinate system (Cartesian or orbit 

-, plane)* 

0 

0 

0 

3.6.12 

Table of standard deviations; of Replerian elements* 

Optionally, the sensitivity breakdown of the con- 
sider parameters and measurement noise effects on 
the mapped solve-for parameters in a designated 
coordinate system (as specified on the MAPTIMES 
keyword card) at last map time 

The covariance matrix of the! solve-for parameters 
with associated correlati.on coefficients at last 
map time only 

PROCEDURE FOR MAKING AN ANALYSIS PROGRAM RUN 

The following steps should be followed when setting up or 
executing the ANALYSIS Program, 

0 Select a set of solve-for anid a set of consider 
parameters. 

0 Execute the EPHEM Program to compute partial deriv- 
atives of the state with reslpect to dynamic param- 
eters that will be either solve-for or consider 
parameters in the ANALYSIS Program run and save the 
orbit and partial derivatives in an ORBIT File, 
There is a,limit of 20 dynamic solve-for parameters. 

NOTE: The ORBIT File must ble generated in a pre- 
vious run or j o b  step. 

*For each standard deviation, the component of that standard 
deviation due solely to measurement noise is also printed. 

3-157 
149. 



DOC, NO- . REV. NO. 
SD-85/6738 2 

The timespan of the ORBIT File must be long enough 
t o  accommodate the error analysis tracking schedule 
and all mapping times. 

0 Specify stations, tracking schedule, and observa- 
tion data types to be computed by use of Station 
Cards 1, 7, 6,, and 9. To insert values for the 
standard'deviations for measurement noise different 
than the default values, use the DCOPT keyword 
OBSDEV, Similarly, to replace the default observa- 
tion weights with different values, use the DCOPT 
keyword CmIGHT. 

e Provide start and end times for the ANALYSIS Pro- 
gram run by use of DCOPT keyvords DSPEAl and 
DSPEA2. The epoch time is supplied by the ORBIT 
File; in the absence of user-supplied start and end 
times, the start and end times of the ANALYSIS Pro- 
gram run default to the start and end times of the 
ORBIT Fiie. 

0 For partial tracking reports, include the PARTRTMS 
card in the DCOPT subdeck with the start and end 
times and the interval for these reports. The op- 
tion for a sensitivity breakdown may also be in- 
cluded if desired. Partial tracking start and end 
times lying outside the ANALYSIS Program start and 
end times will default to the ANALYSIS Program 
start and end times- 

e To map the ,covariance matrix associated with epoch 
to other times, include, in the DCOPT subdeck, the 
MAPTIMES keyword card with start and end times and 
the interval between mapping reports. The option 
for a sensitivity breakdown may also be included if 
desired. Mapping start and end times lying outside 
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the ORBIT File start and end times will default to 
the ORBIT File start and end times. 

The ANALYSIS Program will default to six Cartesian 
solve-for parameters and no consider parameters. 

To include other solve-for and consider parameters, 
add the appropriate DCOPT keywords such as 
STATEPAR, STATETAB, SOLRDPAIZ, DRAGPAR, CNM, and SNM 

(see Section 3.2.1.8). 

If there are any station locations or observation 
biases in the problem, include these by the use of 
Station Cards 4 and 5.  Include the DCOPT keyword 
CONSIDER if the ANALYSIS Program is to be run in 
the consider mode. 

A nonzero initial covariance matrix may be supplied 
by use of the keyword COVARMC in an OGOPT subdeck- 
Also supply variances for each consider parameter: 

For details of all keyword cards, see Section 4. 
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3.7 COMPARE PROGRAM 

The function of the COMPARE Program is the comparison and 
merging of the trajectory data of a qiven satellite from two 
overlapping input ephemeris files. The comparison capa- 
bility permits a determination of the relationship between 
various a.ttributes of two  trajectories over a comparison 
time interval specified by the user. 

The two existing ephemerides can be compared at each 
ephemeris common point by using one of the following 
techniques: 

0 Match Variable-Step Ephemeris File elements 
0 Match Fixed-Step Ephemeris File elements 
0 Interpolate Variable-Step Ephemeris File elements 

.(See Section 3.1.7.1 for description of Variable-Step and 
'Fixed-Step Ephemeris Files,) 

The comparison can be either in inertial position, inertial 
position and velocity, or in terms of a spherical coordinate 
system rotating with the Earth. Tabulated differences 
between the two ephemerides ace printed, and the minimum and 
maximum differences are identified. 

Closely associated with this comparison is the capability to 
join two ephemerides to produce a single merged ephemeris. 
The merged ephemerides are those of the same satellite, 
taken over partially overlapping intervals of time. The 
time at which the merge is effected is chosen as the time at 
which the magnitude of the difference in the position vec- 
tors is a minimum. 

The comparison and merge capabilities must be executed inde- 
pendently (i-e., both a comparison and merge cannot be re- 
quested in a single GTDS program execution). 
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3.7.1 EPHEMERIS COMPARISON REQUIRED KEYWORDS 

The following keywords are required for a COMPARE Program 
run- 

0 CONTROL--Initiates the COMPARE Program run 

e COMPOPT--Identifies the subdeck type as the Ephem- 
eris Comparison Subdeck 

e CMPEPHEM--Indicates the files t o  be compared and 
the type of comparison t o  be performed, and sets 
comparison limits and interval 

e ---Specifies the end of the CMPOPT subdeck 

0 FIN--Indicates the end of the input deck for the 
COMPARE Program 

The first caEd in the COMPARE Program input deck must be the 
CONTROL keyword card that is used t o  initiate the-COMPARE 
Program. The CONTROL card must be followed by a COMPOPT 
subdeck specifying, via the CMPEPHEM keyword card, the input 
ephemeris files t o  be compared and the type of comparison to 
be performed. Plot option is also specified in this subdeck 
if desired. Following all options in the COMPOPT subdeck, 
an END card must appear specifying the end of the COMPOPT 
subdeck, followed by a FIN card indicating the end of the 
COMPARE Program input deck. Section 4 contains descriptions 
of each keyword card format. 

3.7.2 EPHEMERIS COMPARISON OPTIONAL KEYWORDS 

Section.3-7.2 lists all the optional keywords that may be 
included in a COMPARE Program run. If these keywords are 
used, they should be included in the COMPOPT subdeck. The 
keywords are as follows: 

0 CMPPLOT--Requests printer plot output of comparison 
differences and, optionally, sets the number of 
pages per plot and scale factors 
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0 CMPTITLE--Indicates that n following cards are to 
be read as user titles for plots (1 5 n 5 3 )  

0 HISTPLOT--Sets history plot options 

0 HSTSCALE--Sets history plot scales 

0 CMPFILES--Selects the FRNs irnd the step-size type, 
either variable step or fixed step, of the two 
EPHEM Files. This card musl: be present when 
comparing Variable-Step Sizo Ephemeris Files. 

3.7.3 EPHEMERIS COMPARISON INPUT 

The COMPARE Program uses two types o f  input, control infor- 
mation and ephemeris file input. The control information 
that may be specified can be classified as follows: 

0 Input ephemeris file types ((ORBIT File, ORBl File, 
or EPHEM File) 

0 Types of comparison (in terms of inertial position, 
inertial position and velocfity or a spherical coor- 
dinate system) 

0 Level and partial derivatives indicators for ORBIT 
Files 

0 Comparison span and interval 

0 Compare technique: variable-step match, fixed- 
step match, or variable-step interpolation 

0 Optional comparison point stalection 

0 Optional plot data and titles 

The input ephemeris files used by the COMPARE Program must 
have been previously created either in another step of the 
same job or in another job. Both files must be of the same 
type, since the COMPARE Program cannot compare files of dif- 
ferent types (e.g., an ORBl File cannot be compared to an 
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ORBIT File). It is permissible, however, t o  compare a se- 
quential ORBIT File t o  a direct access ORBIT File, an ORBIT 
File with partial derivatives t o  an ORBIT File without par- 
tial derivatives, or two levels within the same direct ac- 
cess ORBIT File, The input file types and the type of 
comparison must be specified on the CMPEPHEM keyword card. 
(Fot mote details, see the description of the CMPEPHEM key- 
word in Section 4 . )  The level and paftial derivative indi- 
cators associated with the ORBIT Files are also specified on 
the CMPEPHEM keyword card. 

The comparison span is the entire timespan over which the 
comparison is t o  be made. This span must be included in the 
timespan covered by both input ephemeris files (i.e.. the 
comparison span must be within the timespan overlap of the 
files). The user should note that there axe no default 
values for the timespan; i t  must be specified on keyword 
card CMPEPHEM- 

The last value that is specified on the CMPEPHEM keyword 
card is the comparison interval. This is the time between 
comparison points. For details on selecting a comparison 
interval, see the CMPEPHEM keyword card description in Sec- 
tion 4 .  

The optional plot data and titles allow the user to request 
printer plots of the computed differences. For information 
on these options. see the CMPPLOT and CMPTITLE keyword card 
descriptions in Section 4 .  

3 . 7 . 4  EPHEMERIS COMPARISON OUTPUT 

COMPARE Program output consists of initial, comparison, and 
summary reports. The initial report identifies the satel- 
lite, the comparison interval, and the epoch and elements 
for both input ephemerides. The summary report consists of 
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the minimum and maximum position and velocity differences, 
and the associated times and RMS values. 

The COMPARE Program outputs two types of comparison re- 
ports. The position and position/velocity comparisons re- 
sult in the computation of the differences in the components 
and magnitudes of the position and velocity vectors at cor- 
responding times within the comparison time interval. These 
differences are reported in rectangular coordinates in a 
satellite-oriented coordinate system defined by the position 
and velocity vectors on the earlier ephemeris at the time of 
the.comparison. These track-oriented differences are com- 
puted in a nonorthogonal system as follows: 

Origin: Center of reference body 

Reference plane: The plane of the orbit 

Principal direction: The radius vector 

Components: R (radial) - Along the radius vector 
C (cross-track) - Along the vector R x A . 

A (along-track) - Along the satellite's 
velocity 

All differences are displayed as (secondary file) - (primary 
file), where the files are 'indicated as primary or secondary 
on the CMPEPHEM input keyword card. The associated time of 
comparison and the true anomaly computed from the second 
ephemeris are also reported. 

The second type of comparison report, sometimes termed a 
world map comparison, results in the computation and print- 
ing of the geodetic 'latitude, longitu.de, and spheroid 
heights for each ephemeris, along with the associated time 
of comparison. 

Printer plots of track-oriented and position and velocity 
component differences as a function alf time are also option- 
ally available. If the option is cholsen, each component 
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will appear on a separate plot- Normally, each plot is 
scaled t o  the data and will occupy one printed page: how- 
ever, the user may provide his or her own scales, with each 
plot extending up t o  10 pages. All plot options are con- 
trolled by the CMPPLOT, CMPTITLE, HISTPLOT, and HSTSCALE 
keyword cards- 

i 

3 - 7 , s EPHEMERIS MERGE REQUIRED KEYWORDS 
The following keywords are required for an Ephemeris Merge 
Program run. 

0 CONTROL--Initiates the COMPARE Program run 

0 COMPOPT--Identifies the subdeck type of the COMPARE 
Program Subdeck. 

0 EPHMERGE--Indicates the files to be merged and sets 
the merge criterion 

0 END--Specifies end of the COMPOPT subdeck 

0 FIN--Indicates the end of the input deck for the 
COMPARE Program 

For the merge capability, the first card in the COMPARE Pro- 
gram input deck must be the control keyword card that is 
used to initiate the COMPARE Program, The control card must 
be followed by a COMPOPT subdeck specifying, via the 
EPHMERGE keyvord card, that the input ephemeris files are to 
be merged. Following the EPHMERGE ,card, an END card must 
appear specifying.the end of the COMPOPT input subdeck. No 

other COMPARE Program optional keyword cards are allowed 
with the EPHMERGE k e p o r d  card. 

3.7.6 EPHEMERIS MERGE INPUT 

The COMPARE Program merge capability requires two forms of 
input: control information and ephemeris file input. The 
control information is the maximum acceptable difference i n  
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position vector magnitudes within the overlapping time in- 
terval of the ephemerides to be merged. The tolerance is 
specified on the EPHMERGE keyword card, ‘and the merge will 
be performed only if this criterion i.s satisfied. 

The ephemeris input must be in the EPHEM File format and 
must have been generated in an earlier run. The two.ephem- 
erides must be of the same satellite and must have been 
taken over partially overlapping intervals of time. ORB1 
and ORBIT File merges are not current:ly supported. 

3 . 7 . 7  EPHEMERIS MERGE OUTPUT 

Ephemeris Merge printed output consists of initial and sum- 
mary reports. The initial report identifies the satellite 
and gives, for both input ephemerides;, epoch and epoch ele- 
ments in Cartesian and classical forms. The summary report 
gives the span of data used from each input ephemeris, the 
total timespan of the merged file, and the position and ve- 
locity vectors from each input ephemeris at the time of the 
merge - 
The other output is a composite trajectory determined by the 
merging of the two input ephemerides., The resultant ephem- 
eris is output in the EPHEM File format to magnetic tape or 
disk. 
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3.8 DATAMGT PROGRAM 

The function of the DATAMGT Program i.s to build working 
files of data for use by another program in the system. The 
user can specify either that the D A T M G T  Program operate as 
a patt of another program, that is, t:o use t'he working 
files, or that the DATAMGT Program operate as a standalone 
program to build working files for a future job step. All 
programs in GTDS. with the exception of the COMPARE Program 
and the Permanent File Report (FTLERPT) Program, require the 
use of the DATAMGT Program. Many working files specified 
for action by DATAMGT may have their contents reported. 

The file-building operations that can be specified are these: 

e Merge observations from vari.ous sources into a 
single working file on disk 

0 Generate a file of SLP ephemeris curve-fit coeffi- 
cients from a JPL planetary ephemeris tape 

0 Retrieve data from the GTDS online data base and 
store i t  in main memory. The files.in the online 
data base include the following: 

Astrodynamic Constants File 

- AtmOSpheKiC Density Models File 

- Earth Potential Fields File 

- Flight Sectioning Models File 

- Integration Coefficients File 

- Ionospheric Refraction Generalized Coefficients 
File 

- Lunar Potential Fields File 

- GTDS Permanent Elements File 
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- Solar Flux Data File 

- SLP Ephemeris File 

0 Impulsive Maneuvers File 

- Time Conversion Coefficients File 

0 Tracking Station Geodetics File 

- Tropospheric Data File 
\ 

- 24-Hour Hold Elements File 

3.8-1 DATA MANAGEMENT REQUIRED KEYWORDS 

Keywords required for a DATAMGT Program run are as follows: 

0 CONTROL--Initiates the DATAMGT Program 

0 DMOPT--Identifies the subdeck type as the Data Man- 
agement Su bdec k 

One or more optional DMOPT keywords 

0 END--Specifies end of the DMOPT subdeck 

0 FIN--Indicates end of program input deck for the 
DATAMGT Program 

The first card in the DATAMGT Program input deck must be the 
CONTROL card with the word DATAMGT in card columns 11 
through 18. This will initiate the DATAMGT Program. A 

DMOPT subdeck must follow the CONTROL card. The appropriate 
cards for each desired data management option must be 
included (see Section 3-8-21, followed by an END card. The 
last card must be a FIN card indicating the end of the 
DATAMGT Program input deck- The DATAMGT Program input deck 
can be followed by the program input deck for another GTDS 

program (such as DC or EPHEM), which needs the working file 
data. (See Section 4 for complete descriptions and formats 
of all keyword cards.) 
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3.8.2 DATA MANAGEMENT OPTIONAL KEYWORDS 

This section lists all the optional keywords that may be 
included in a DATAMGT Program run. Any of these keywords 
that are selected must be included in the DMOPT subdeck. 
The keywords are classified as observation working file 
generation keywords, SLP Ephemeris File generation keywords, 
and data base retrieval keywords, respectsvely. The 
keywords in each classification are :listed below. De- 
tailed descriptions of these keywords appear in the follow- 
ing text and in Sections 3.1 and 3.2.. 

0 Observation Working File Generation Keywords 

- Abbb****--Specifies the acceptance criteria 
for editing observations ( * * * *  is a four- 
letter station acronym:) 

- ACCREJ--Specif ies the number of accept or 
delete cards that follow 

- Dbbb****--Specifies the deletion criteria for 
editing observations ( * I * * *  is a four-letter 
station acronym) 

- MAXOBS--Sets the maximum number of observations 
to be accepted from the 60-byte observation 
tape or data base 

- WORKOBS--Creates Observations Working File 

/*******l--Specifies tracking station depend- 
ent information 

/*******2--Specifies tracking station depend- 
ent information 

0 Specification of parameters for real-time (partial 
batch) request for data currently being collected 
within TCOPS 
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RTSATID--Specifies all satellite IDS for which 
paztial batch data are to be requested 

RTPARAMS--Specifies the partial batch request 
parameters 

BSTA****--Specifies the tracking station for which 
partial batch data are to be requested 

RSYS****--Specifies the tracking system for which 
partial batch data are to be requested 

SLP Ephemeris File Generation Keywords 

- SLPBODY--Sets central and noncentral bodies 

- SLPCOORD--Sets SLP ephemeris coordinate refer- 
ence 

- SLPDEG--Sets degree of curve-fit for bodies 
and rotation matrixes 

- SLPFILE--Sets source of SLP data to be used in 
creating a working file 

Data Base Retrieval Keywords 

- WORKATM--Retrieves model from the Atmospheric 
Density Models File (Harris-Priester data o n l y )  

- WORKCON--Retrieves model from the Astrodynamic 
Constants File 

- WORKELS--Retrieves elements from GTDS Petma- 
nent Elements File or 24-Hour Hold Elements 
File 

- WORXGECL-Retrieves data foraspecified stations 
from Tracking Station Geodetics File 

WORKINT--Retrieves model from Integration Co- 
efficients File 
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- WORKIONO--Retrieves dat:a from Ionospheric Re- 
fraction Generalized Coefficients File 

- WORKMAN--Builds 1mpulsi.ve Maneuvers Working 
File 

- WORKSECT--Retrieves model from Flight Section- 
ing File 

- WORKTCOR--Retrieves data from Time Conversion 
Coefficients File 

Section 4 contains individual keyword descriptions with de- 
tails on card formats and definitions. 

3 . 8 . 3  OBSERVATION WORKING FILE GENEElATION 

The DATAMGT Program is frequently used to merge observations 
from various sources into a single Observations Working File 
required for all DC Program runs. In DC Program input 
decks, the mandatory OBSINPUT keyword card will trigger 
generation of the Observations Working File. In a DATAMGT 
Program input deck, however, the WORKOBS keyword card (in 
the DMOPT subdeck) is used for this purpose. 

Therefore, both OBSINPUT and WORKOBS keyword cards must 
never be used in the same DC input deck. The following 
discussion applies to the working file generation that will 
take place when either of these cards is present. Observa- 
tions from any of the following sources can be specified 
through the OBSINPUT or WORKOBS keyword cards: 

0 DODS observations tape (100-byte fokmat) 

0 GTDS format observations tape 

0 GTDS format observations disk file 

0 PCE observations tape (an OFIB1 File containing the 
satellite ephemeris in the form of the position and 
velocity vector components t:hat are used as obser- 
vat ions ) 

0 GDH tape (60-byte format) 
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a 60-byte observation data base 

a 60-byte real-time metric tracking data file 
(partial batch) 

a GTDS observations card file 

a Onboard attitude sensor data 

a Landmark data card file 

The WORKOBS keyword allows for specifying the timespan of 
the observations t o  be accepted in the first and second real 
fields of the card. The epoch associated with the output 
observation data set must also be provided in the third real 
field. 
Program run that will use the Observation Working File. 

The WORKOBS keyword provides for specification of any of the 
previously listed observation sources. Up t o  three integer 
fields per card, as well as multiple WORKOBS cards, can be 
used t o  indicate multiple observation sources. The integer 
source indicators are given in the WORKOBS keyword descrip- 
tion (see Section 4). Any of the sources previously listed 
may be combined. The following sample keyword card 

This epoch must be the same as the epoch of the DC 

WORKOBS 1 3 12 810101000000. 810102000000. 810101000000. 

requests a merge of observations from a GTDS observation 
tape (source number l), a DODS observation tape (source 
number 3), and a GDH tape (source number 12). The observa- 
tions working file will cover the timespan from January 1, 
1971 (810101) to January 2, 1971 (810102), and will epoch a t  

January 1. 1981 (810101). 

Other DMOPT subdeck keywords can be used to perform editing 
when building the Observations Working File. The editing 
criteria consist of the following: 

o The timespan for which observations are to be re- 
jected (or, optionally, accepted) 
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0 The types and modes of observations to be rejected 
(or, optionally, accepted) 

0 The station identifiers for which observations are 
to be rejected (or, optionally, accepted) 

0 An indication that every nth observation that 
passes all other editing crfiteria can be rejected 
(or, optionally, accepted) 

The keywords used to invoke these options are ACCREJ, 
Abbl**** and Dbbb**** .  (See descriptions in Section 4 for 
these keyword cards.) 

In some cases, a station is known to be present in an obser- 
vation source but not present in the Tracking Station Geo- 
detics File. Such new stations can be defined through the 
/*******l and / * * * * * * * 2  keyword card!; in the DMOPT subdeck. 
When preparing these cards, the new station name replaces 
the asterisks. The first station card /*******l is used to 
describe’ the station type and position, and the second card 
/ * * * * * * * 2  can optionally be included for nonstandard station- 
dependent data definitions (e-g., antenna offset, transmitter 
frequency) . 
3.8.4 SLP EPHEMERIS FILE GENERATION 

GTDS can access SLP Ephemeris Files referenced to the mean 
equator and equinox of 1950.0 or the true equator and equi- 
nox of date- The GTDS SLP files currently contain data from 
December 1981 to March 1990, based on JPL DE118 SLP 

ephemeris. There will be instances when these existing 
files cannot be used, e.g., when the desired timespan 
extends beyond the December 1981 t o  March 1990 span on the 
file or when the user wishes to modify the planetary bodies 
on the file or the degrees of the Chebyshev polynomials. In 
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such cases, the user must supply.DMOPT subdeck keyword cards 
t o  specify the generation of a new SLP File (see Refer- 
ence 12). 

The DATAMGT Program includes the following optional capa- 
bilities related to the gen'eration of the SLP Ephemeris File. 

0 Generates an SLP Working File using a JPL planetary 
ephemeris tape as the data source (DE-19- or DE-96- 
format JPL tape) 

0 Generates an SLP tape file using a JPL planetary 
ephemeris tape as the data source (DE19- or DE96- 
format JPL tape) 

0 Generates an SLP Working File using an SLP tape 
file as the data source 

0 Bypasses generation of an SLP Working File and uses 
the last previously created SLP Working File 

GTDS has the capability of using JPL ephemeris tapes as input 
t o  create an SLP File consisting of Chebyshev coefficients. 
However, this capability is restricted to use as input, a 
JPL ephemeris tape in the DE-19 or DE-96 tape format (see 
References 7, 8, 9, and 10). GTDS cannot accept as input 
the newer JPL tape format of DE-114; however, DE-118 is 
compatible. The DE-19 and DE-96 formats are not compatible- 
A GTDS user must make certain that an input JPL tape is in 
the DE-19 or DE-96 format and consistent with the SLPFILE 
keyword specification. 

A DE-96 JPL tape is converted to an SLP Ephemeris File for 
use in GTDS by use of TRAMP. The DE-19 format tape cannot 
be processed by TRAMP, however. The TRAMP User's Guide 
(Reference 6 )  describes the method of creating SLP Files 
using TRAMP. 
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The SLP Ephemeris File generation option is specified on the 
SLPFILE keyword card (in the DMOPT subdeck), along with data 
relating to the start time of the file, the number. of days 
per record, and the number of records. By default, the SLP 
Working File generated by the DATAMGT Program employs the 
Earth as the central body, the Moon as the fast body, and a 
maximum of seven slow bodies. 

The degree of the Chebyshev curve-fit for the Moon's posi- 
tion is 1 9 ,  the Moon's velocity is 1 2 ,  and the Sun's posi- 
tion is 9.  Twenty days of data are included in each 
record. Rotation matrixes are represented by polynomials of 
degree 9 .  All data are in a coordinate system in which the 
x-axis is referenced to the mean equator and equinox of 
1 9 5 0 . 0 .  To change any of these default values during an SLP 
Ephemeris File generaton, the following DMOPT subdeck key- 
word cards are required. 

K e w o r d  Description 

SLPCOORD Specifies cootdinate reference- A true-of-date 
coordinate reference can be supplied to over- 
ride the 1950.0 default. 

and a maximum of seven slow bodies. Multiple 
SLPBODY cards can be used (the necessary body 
indexes are shown in Table B-1 of Appendix B). 

SLPDEG Specifies the degree of curve-fits for the ro- 
tation matrixes, fast body position, fast body 
velocity, and slow body positions. (The maxi- 
mum degree which can be specified is 1 9 . )  

SLPBODY Specifies the SLP central body, the fast body, 

In the following example, an SLP Working File is to be gen- 
erated from a JPL DE96 format planetmazy ephemeris tape. The 
SLP Ephemeris File is to contain 150 days of data with 
15 days on each record. The file is to use the TOD coordi- 
nate system reference, with Earth as the central body, the 
Moon as the fast body, and five other slow bodies. Chebyshev 
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polynomials f-it to the rotation matrix are to be of degree 8, 
to the Moon's position of degree 12* to the Moon's velocity 
of degree 8 ,  and to the slow body positions of degree 9. 
Following the card formats specified in Section 4, the fol- 
lowing keyword cards would be required: 

SLPF ILE 5 1 5  10 7 3 0 1 0 1 .  

SLPDEG 8 12 8 9.0 

SLPBODY 1 2 3  4.0 5 . 0  6 . 0  

SLPBODY LO .11 
SLPCOORD 2 

3 . 8 . 5  RETRIEVING FROM THE GTDS PERMANENT ONLINE DATA BASE 

Data base retrieval allows the user to modify certain EPHEM 
Program and DC Program data by retrieving a particular model 
from a file in the GTDS permanent online data base, FILERPT 
Program output can be examined prior to selecting a model 
for retrieval. Optional cards can then be used in the DMOPT 

subdeck of a DATAMGT Program run to specify retrieval of the 
data in the desired data model. The files from which data 
can be retrieved are listed with associated keyword cards in 
Section 3.8.2. The following discussion describes the use 
of these keywords for retrieving particular types of data. 

Elements retrieval (WORKELS keyword) is from one of two 
files: the GTDS Permanent Elements File or the 24-Hour Hold 
Elements File. The GTDS Permanent Elements File contains 
elements for spacecraft supported by GTDS. The elements are 
selected by the operations analyst responsible for space- 
craft support. The 24-Hour Hold Elements File contains ele- 
ments from DC Prograk runs and can be accessed by all GTDS 
users. 

If retrieval is requested from the GTDS Permanent Elements 
File or the 24-Hour Hold Elements File, a unique element set 
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number associated with each element set is used as the re- 
trieval key. 

The remaining files in the GTDS data base are either used 
only with special options or have the most commonly used 
versions in COMMON blocks in memory. The Ionospheric Re- 
fraction Generalized Coefficients File is used only for re- 
fraction modeling in the DC Program, and DATAMGT Program 
retrieval is required only for those cases- Station 
geodetics retrieval and timing coefficients retrieval are 
always automatic (except for DATASIM Program cases), so the 
DATAMGT 'Program need not be exp1.icitly called to obtain 
these data. Default values for data contained-on the other 
files reside in COMMON blocks, but they can be overridden by 
DATAMGT Program data base retrieval options. 

.l 

For most files, the models or data elements in the files are 
stored one model or data element per record, and retrieval 
is by model number (see 'Appendix D for  available model num- 
bers). The following files are exceptions: 

0 Impulsive Maneuvers File (WORKMAN keyword)--Each 
maneuver has a maneuver number and an associated time. 
Retrieval is by maneuver time'or by specified maneuver 
numbers. 

0 Tracking Station Geodetics File (WORKGEO keyword)-- 
Each geodetic record is identified by an 8-byte Extended 
Binary Coded Decimal Interchange Code (EBCDIC) station name 
and a station index number. Retrieval of geodetic informa- 
tion is by individually specified station names or station 
index numbers. 
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0 Refraction Data Retrieval (WORKIONO keword card)-- 
Retrieval from the Solar Flux Data File and the Ionospheric 
Refraction Generalized Coefficients File is based on the- 
timespan specified for the run- The refraction model (Bent 
or Novak) selection for the run is also made through this 
card. The WORKIONO keyword causes the creation of an in- 
termediate refraction coefficients working file from data on 
the tvo'previously mentioned permanent files. The Novak 
model uses this intermediate file t o  generate an Ionospheric 
Refraction Working File. However, the Bent model can 
specify, through the use of WORKIONO, either for creation of 
the intermediate file or the use of an intermediat'e file 
saved on a previous run (which saves processing time). The 
Bent model also uses data from the Tropospheric Data 
Permanent File, but  retrieval from t h i s  file is performed 

during the DC Program processing and is outside the DATAMGT 
Program. 

Time Conversion Coefficients File (WORKTCOR keyword 
card)--A.l/UTC time conversion data and polar motion data 
are retrieved on the basis of data specified on the keyword 
card. 

Section 4 contains the complete descriptions and formats of 
the individual tile retrieval keywords. 
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3.9 FILERPT PROGRAM 

The FILERPT Program is to provide printer reports of files 
resident in the GTDS permanent data base- Reports of the 
following permanent files are available through this program, 

e 

e 

a 

a 

a 

a 

a 

a 

a 

a 

0 

Astrodynamic Constants File 
Atmospheric Density Models File 
Earth Potential Fields File 
Flight Sectioning Models File 
GTDS Permanent Elements File 
Impulsive Maneuvers File 
Integration Coefficients File 
Lunar Potential Fields File 
SLP Ephemeris File 
Tracking Station Geodetics File 
24-Hour Hold Elements File 

A typical use of the FILERPT Program.reports is to determine 
which permanent file data may be appropriate for later use 
in either a DATAMGT Program run or in the data management 
operation of another GTDS program. The PFROPT subdeck, 
which controls the functions of the FILERPT Program, may be 
included in any of the other GTDS programs, thus enabling 
the FILERPT functions without the use of the FILERPT Program. 

3.9.1 PERMANENT FILE REPORT GENERATION REQUIRED KEYWORDS 

The following are the keywords required for d FILERPT Pro- 
gram run: 

0 CONTROL--Initiates the FILERPT Program run 

a PFROPT--Identifies the subdeck type as the File 
Report Subdeck 

a One O K  more optional PFROPT keywords 
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- END--Specifies end of PFROPT subdeck 

- FIN--Indicates end of FILERPT Program input 
deck 

The input data consist of a CONTROL card containing the word 
FILERPT in card columns 11 through 10; this will invoke the 
Perma- nent File Report Generation Program. A PFROPT 
subdeck must follow the CONTROL card and contain keyword 
cards to provide specifications for 1:he desired reports. 
Finally, an END keyword card must be included to indicate 
the end of the subdeck, followed by 11 FIN card to indicate 
the end of the program input deck for the FILERPT Program- 
(Section 4 contains complete descriptions and formats of all 
the individual keywords.) 

3.9.2 PERMANENT FILE REPORT GENERATION PROGRAM OPTIONAL 
KEYWORDS 

This section lists all the optional keywords which may be 
included in a FILERPT Program run, The keyword cards, if 
used, must be included in the PFROPT subdeck- A keyword 
cannot appear more than once in one ITROPT subdeck. To re- 
quest additional reports from a keyword, multiple PFROPT 
subdecks may be included. The optional keywords and their 
associated reports are as follows. 

0 

0 ATMOSRPT--Atmospheric Density File Report 
0 CONSTRPT--Astrodynamic Constants File Report 

ELSRPT--GTDS Permanent Elemcrnts File Report 
ELS24RPT--24-Hour Hold Elements File Report 

EPOTRPT--Earth Potential Fields File Report 
GEODRPT--Tracking Station Geodetics File Report 
INTCRPT--Integration Coefficients File Report 
LPOTRPT--Lunar Potential Fields File Report 
MANURPT--Permanent Maneuvers; File Report 
SECTRPT--Flight Sectioning File Report 
SLPRPT--SLP Fiie Report by matrix order 
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3-10 THMODEL PROGRAM e 
The THMODEL Program of GTDS provides the capability of 
estimating thrust parameters for a Short-burn maneuver 
(firing of the upper stages of an EL’V). A spacecraft orbit 
frame coordinate system is used to model maneuvers. Rates 
of pitch, yaw, and thrust accelerati.on are assumed constant 
during a burn, Nominal maneuver.parameters determined prior 
t o  launch by this program will be independent of the actual 
lift-off time and will be used after launch by the GTDS 
EPHEM Program that has been slightly modified to propagate 
orbit through burns. 

The software development of the THM0:DEL program is based on 
algorithms defined in Reference 15. In this model, a 
maneuver is characterized by time and mass of vehicle at 
ignition, time and mass of vehicle at burnout, pitch angle, 
yaw angle, thrust acceleration at ignition, and pitch rate, 
yaw rate, and thrust acceleration rate. 

The method of determining these parameters assumes that both 
ignition and burnout state vectors are known. These vectors 
are read by the program from a vector hold file created by 
ADG using mission planning data. An initial estimate of 
thrust parameters is made based on the difference between 
the state vector a t  burnout and the vector propagated to the 
time of burnout from the ignition state vector using free 
flight. An iterative method then is invoked to successively 
refine the estimate until the convergence test is passed or 
a user-specified maximum number of iterations is reached. 

The THMODEL program outputs its result to the GTDS FSF, 
which will be used as input to the EPHEM program for orbit 
propagation through burns and sends a report to the user. 

The THMODEL Program has to be run standalone. Stacked EPHEM 

may not be executed together with it. 
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3.10-1 THRUST PARAMETER MODELING REQUIRED KEYWORDS 

The following keywords are required for a THMODEL Program 
run. 

0 

0 

0 

e 

0 

e 

e 

e 

e 

There 

CONTROL--Initiates the THMODEL, Program run 

OGOPT--Identifies the subdeck type 

THSHORTl--Indicates FSF output option, maximum 
number of iterations, maximum freeze number, and 
maximum tolerance in position for the convergence 
test 

THSHORT2--Indicates option'to output processing 
result at each iteration, matrix option, and 
maximum tolerance in velocity for the convergence 
test 

THSHORT3--Indicates Changes in pitch, yaw, and 
thrust acceleration to be used for the computation 
of the correction matrix 

THSHORTQ--Indicates changes in pitch rate, yaw 

rate, and thrust acceleration rate to be used for 
the computation of the correction matrix 

THSHORTS--Indicates maneuver number, record numbers 
for ignition and burnout vectors from the TVHF, and 
time of ignition and burnout 

END--Specifies the end of the OGOPT subdeck 

FIN--Indicates the end of the input deck for the 
THMODEL 

are no optional keywords for the THMODEL Program- 
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3-10.2 THRUST PARAMETER MODELING INPUT 

The THMODEL Program uses two types of input: keyword cards 
and vector hold file, Data specified in keywords are for 
control information that can be class,ified as follows. 

0 Option to output result to FSF and to user 

Data to control the numerica.1 technique of thr.ust 
estimation 

0 Type of thrust parameter model (i.e., matrix option) 

0 Maneuver information (maneuver number and time of 
ignition and burnout) 

0 Information to get input from a TVHF (record 
numbers) 

Data read from a TVHF consists of the! following information. 

0 A nominal ignition state vector (Cartesian) 

a A nominal burnout state vector (Cartesian) 

a Time and spacecraft mass at ignition 

e Time and spacecraft mass at burnout 

0 Force model parameters f o r  orbit propagation (e.g., 
drag, solar radiation, spacecraft cross-sectional 
area) 

See details and descriptions of THMODEL keywords in 
Section 4 .  

3.10.3 THRUST PARAMETER MODELING PROCESSING DESCRIPTION 

The THMODEL Program proceeds as follows. 

1. Read input data from keyword cards (for control 
parameters) and from a vectosr hold file (for 
nominal ignition and burnout states). 
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2. Ignition state vector is propagated to the time of 
burnout, assuming no thrust. 

3. First guess of thrust coefficients is made based on 
the miss vector at burnout. 

4. Ignition state vector is propagated to the time of 
burnout using the newly estimated thrust. The new 
miss vector is calculated. 

5 .  A convergence test is applied to determine if the 
state vector derived in step 4 is acceptable. If 
it is or if the maximum number of iterations is 
already reached, skip step 6 -  

6. A correction to thrust coefficients is made based 
on a first-order Taylor series expansion of the 
mission vector, and go to step 4. 

7. Write result to the FSF as requested and write 
report to user. 

3.10.4 THRUST PARAMETER MODELING OUTPUT 

The output of the THMODEL Program mainly consists of the 
following thrust coefficients for a specified burn. 

0 Pitch angle, yaw angle, and thrust acceleration at 
ignition 

0 Pitch rate, yaw rate, and thrust acceleration rate 
during the burn 

If the matrix option 0 is requested via keyword card 
THSHORTZ, the three last coefficients are assumed zeros for 
the thrust model. 

The THMODEL Program outputs its result to the FSF and a 
report to the user. When wr'iting onto FSF, it overrides a l l  
thrust coefficients for the specified burn written 
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previously in FSF for  the same satellite. Note that THMODEL 
has options to output to FSF result from the last iteration 
or from the best estimate or not to output to FSF. FOK each 
satellite in FSF, there can be a maxjtmum of 11 flight sec- 
tions including up to 5 maneuvers. Information for maneu- 
ver 1 goes to flight section 2, information f o r  maneuver 2 
goes to flight section 4, etc. 

Section Appendix H f o r  a sample of TIIMODEL Program output. 

Information included in the FSF can be used after launch for 
an orbit propagation through burns via an option specified 
in keyword card BURNFSF. Before using this option, be sure 
that all other information indicated in.the FSF for this 
satellite has been entered or updated via appropriate UI 
panels- The Launch processor also has a capability of up- 
dating the actual lift-off time directly to FSF to maintain 
the accuracy of postlaunch orbit propagation using 
information from this file. 

3.10.5 THRUST PARAMETER MODELING PROGRAM RESTRI-CTIONS 

The THMODEL Program is used to estimate only thrust 
coefficients f o r  short-burn maneuvers. 

Estimated thrust coefficients can be used to generate a 
real-time postburnout state from a preignition state via 
normal orbit propagation processes. However, as they do not 
represent the real thrust, they are not to be used to 
estimate a state vector at the middle of a burn- 
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3.11 GTDS AS A SUBTASKED LOAD MODULE 

GTDS can execute as a subtask of the TCOPS Executive in two 
distinct modes (GTDS and GUI subtasked, and GTDS and Driver 
Task  subtasked), which will be discussed in Sections 3.11.1 
and 3.11.2. 

These two modes do not present GTDS programs, but they do 
present the user with the special information needed to 
execute GTDS in these environments. 

It should be noted that the general GSFC user community will 
not use the propagator. Section 3.1l.2 presents information 
that a programmer/deve.loper needs. 

3-11-1 GTDS GUI 

This section describes the GTDS GUI, which allows the user 
to run GTDS programs via menu and dat:a entry panels. The 
new user interface for  GTDS has been built around the 
TEMPLATE text and plot display capabilities. 

3.11.1.1 GTDS Graphics User Interface Environment 

Figure 3-1 shows the subtask structure used for GTDS support 
in 5080 graphics mode. For standard GTDS processing, the 
user submits a job via the GUI. The GUI sends an intertask 
message to GTDS to begin processing. When GTDS has 
completed processing, it  sends an int:ertask message to the 
copy task (GCOPY), which copies all screen-formatted reports 
to a report file. The copy task then sends the message that 
processing is complete to the message handler task 
(GIFMSG). The message handler displays a message on the 
bottom of the user's terminal (asynchronously from user 
input) and records it on the TCOPS Activities Log File 
(ALF). Note that all distribution to the ALF is provided 
through the GTDS control routines, not through GTDS itself. 
As intertask messages are received from GTDS by the message 
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display on the user's 5080 screen, they also are logged to 
the ALF by a call to the existing utility UTLOG. This 
ensures that only messages. from critical mission support 
GTDS runs appear on the log file, and that routine daily 
batch GTDS runs and analysis and development G T D S  runs do 
not write to the ALF' (as they previously did not). 

Also shown in Figure 3-1 is the Interjob Communication (IJC) 
subtask. This software is used to receive messages contain- 
ing insertion vector element set numbers from a LAUNCH job, 
or to transmit messages containing GTDS-produced element set 
numbers or ephemeris fils names to an Acquisition Data Gen- 
eration (ADG) job. In all cases, control of the IJC is from 
the GUI; G T D S  is never stopped or started automatically by 
another ID. Messages received from another job are dis- 
played on the 5080 screen and the user may start GTDS using 
the indicated element set number from the TV". Simi- 
larly, when an element set number must: be transmitted to 
ADG, the user enters the element set number on the screen, 
along with a transmission command. 

Figure 3 - 2  depicts G T D S  running under the TCOPS multitasking 
executive, along with an asynchronousl,y running copy of the 
graphics package.- This design approach enables G T D S  to 
proceed with its required computations uninterrupted while 
the user is inspecting the results of current or previous 
processing on the graphics device. In addition, certain 
commands can be sent to GTDS to alter its processing mode. 
Both the control of GTDS and the'inspection of the results 
of the processing can be performed from the same graphics 
device (a S O 8 0  in the diagram). All of this can be provided 
within a single job space, thus conserving initiators. 

Figure 3 - 3  shows an expanded diagram af the graphics package 
itself. The package control, plot, text display, and browse 
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components are standard with the package, but the user inter- 
face and control component are specific to G T D S -  (Note that 
this code is not in G T D S ,  but in the graphics/control load 
module, except for a small amount of code required in G T D S  

to receive the commands issued by the graphics/control task.) 
The control available t o  the user from the graphics/control 
task will include setup and editing of G T D S  keyword cards, 
identification of particular subdecks to be executed by 
G T D S ,  submission of these subdecks for execution (i.e., 
making them available to the G T D S  t.ask for processing), and 
inspection of plots and reports of data produced by G T D S .  

3.11.1.2 DeSCriDtiOn of Processinq in the GTDS GUI 

3.11.1.2.1 Select Control Section 

The G T D S  control parameter file, defined in the JCL for the 
graphics job, contains one or more G T D S  keyvord card decks. 
These decks, or control sections, contain the parameters 
necessary to run the G T D S  programs. When the Select G T D S  

Control Section option is chosen from the G T D S  menu, the G U I  

software reads the control parameter file and displays a 
listing of all control cards included in the file. The user 
then can select one of these control sections for process- 
ing. This section is copied to the working parameter file, 
which maintains the last used control section. This working 
parameter file is the input file to G T D S -  

A t  this point, the user can submit the selected section or 
modify i t  v i a  one of the two methods discussed in the fol- 
lowing paragraphs. The user may submit the section from the 
main G T D S  menu option, or simply enter the command to submit 
from the control section selection panel. 

The current contents of the working parameter file are 
indicated at the bottom of the list of control sections. I f  
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the user exits this panel without selecting a control sec- 
tion, the contents of the working parameters file remain 
unchanged. 

The user may replace the working parameters file at any time 
by selecting a new control section. Once selected, this 
control section is used until a new section is chosen. If a 
control section has been selected and modified, selecting i t  

again will bring back the unmodified version. 

3.11.1.2.2 Modify Key Parameters 

After selecting a control section and before submitting it ,  

the user can modify certain parameters via data entry 
panels- These data entry panels are shown in 
Section 3.11.1.3. The .new values are validated and written 
out to the working parameters file for input to GTDS. 

If the user selects to modify key parameters and no control 
section has been selected, the first control section on the 

, control parameters file is copied to the working parameters 
file and used. 

3.11.1.2.3 Edit Control Section . 

The selected control section can be edited directly by 
choosing the edit option. This allows the user to modify 
any parameters in the section, including those not available 
on the data entry panels. When the edit option is used, the 
parameters must be entered in standard GTDS keyword card 
format. 

If the user chooses to edit the-control section and no con- 
trol section has been selected, the first control section on 
the control parameters file is copied to the working parame- 
ters file and used. The edited control section can be 
submitted from this panel. 
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3.11.1.2.4 Submit Control Section 

The contents of the working parameters file can be submitted 
from the select control section, modify key parameters, or 
edit control section panels, as well as from the GTDS main 
menu. When the user submits the control section, an in ter -  
task message is sent to the G T D S  load module t o  instruct i t  

t o  begin processing the working parameters file. A n  advisory 
message is sent to the user's S O 8 0  screen to confirm the 'sub- 
mit request. 

If the working parameters file is empty when the submit com- 
mand is entered, the first control section on.the control 
parameters file is copied t o  the working parameters file and 
used by G T D S .  

If the mission support executive is brought u p  with d con- 
trol section in the working parameters file, the user can 
submit this control section directly by entering the submit 
command. This provides a uafm-start capability by resubmit- 
ting the last control section used in the event of a system 
failure during a GTDS run. 

3.11.1.2.5 Cancel G T D S  Run 

The user can cancel an active GTDS run before i t  has com- 
pleted by entering the cancel command. When this command is 
entered, an intertask message is sent to G V S  to stop proc- 
essing. An advisory message is sent to the user's 
S O 8 0  screen to confirm the cancel request. 

During processing, GTDS periodically checks its message 
queues for a s t o p  request. When this message is received, 
GTDS 'stops the run and returns to wait for the next request. 

3.11.1-2-6 Bring Up GTDS Task 

When the GTDS GUI is brought up, the GTDS task must be 
attached before submitting a GTDS run. When the GTUP option 
is selected, th-e executive brings up G T D S .  After opening 
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all necessary files, GTDS goes into a wait state until a run 
is submitted (via the submit command). A message is sent by 
GTDS to the user and to the ALF when .it is attached. 

3.11.1-2.7 Bring Down GTDS Task 

The user can have the GTDS task detached at any time by using 
the GDWN option on the GTDS main menu.. When this option is 
selected, an intertask message is sent to GTDS to terminate. 

If GTDS is running a program when the terminate message is 
received, the program is cancelled and GTDS terminates. The 
TCOPS executive then detaches the task. GTDS sends a mes- 
sage to the user and to the ALF immediately before termina- 
ting. 

3.11.1.2.8 Automatic Residual Processing 

T.he automatic residual processing optjton of the GUI allows 
the user to initiate automatic submission of GTDS residual 
computation runs. The residual processing is performed by 
the GTDS DC software. A GTDS input keyword file is prepared 
prior to submitfing the graphics job and included in the 
GTDS control parameter file. The user: selects this residual 
computation (0-C) control section via the usual select con- 
t r o l  section panel. 

Default automatic residual processing run parameters are 

read in from a NAMELIST file (Table 3-3) and displayed on 
the automatic residual processing panel. The user then may 
modify these parameters and initiate processing by entering 
the submit command. The GUI then submits the working param- 1. 

eter file at the user-specified submit interval. 

In addition to specifying the submit interval, the automatic 
residual processing panel allows the user to indicate the 
time period to be included in each run. The user can select 
for GTDS to begin each run at the same time, to begin each 
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Table 3-3. Automatic Residual Processing Parameters 
NAMELIST Input 

Naie: ARPPRH 

Description: Automatic Residual Processing Default 
Parameters 

Name Tvue Default DescriDtion 

GTSINT R'8 5 . 0  GTDS submit internal (minutes) 
GTNEDD C'7 Nominal EPHEM ddname 
GTSTIM 1'4 1 St-art time selection 

- 1 = Restart at original s t a r t  

2 = Continue from l a s t  s t o p  

3 = Delta time specified 

time 

time 

GTDELT R'0 Delta time f o r  run 
GTUPPL 1'4 0 Plot only if new data 

0 = Yes 
1 = NO 

GTSEPL I*4 1 Selection of data type 
1 = Default 
2 = Manual selection 

GTDTYP(2) C'2 *RA*,*RR* Data types f o r  default selection 
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new run when the last run stopped, or to process the last 
x minutes of observations, where x is user supplied. If 
requested by the user, the start time will be updated at 
each run: the end time is always the end of data or current 
time. 

The user may specify that a new plot is to be displayed only 
if new data has been processed, and the user needs to select 
the data to plot. 

When selecting plots for automatic residual processing, the 
user has the option of requesting simply angle, range, or 
range-rate data, When this is done, the software will 
examine the residuals plot data file after each GTDS run and 
select the angle, etc. (as requested by the user) from the 
first batch to plot. This provides the capability to plot 
whatever tracking data is found in the file. 

Alternatively, the user may select specific GTDS observation 
types. The user makes the selection (after the first GTDS 
run: plotting of that observation type is then automatic 
after each subsequent GTDS run, 

After submi.tting a GTDS run, the GUI waits for a completion 
message from GTDS, an interrupt from the user, or the time 
interval specified by the user. When a completion message 
is received from GTDS, the plot package is called to display 
the residuals. The  GUI then continues t o  wait until i t  is 
time to submit the next GTDS run- 

When the user-specified time has elapsed, if the previous 
GTDS run has completed, the GUI submits another run. If the 
previous run is not complete, the GUI will wait until i t  has 
received the completion message and read the plot data from 
that run before submitting another. This is necessary 
because GTDS will write over the plot output each time a r u n  
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is made. The plot is displayed after the next run.is sub- 
mitted so that the submit time is n o t  delayed due to plot- 
ting. 

When a user interrupts the automatic processing by pressing 
the appropriate function key, control of the GUI is returned 
t o  the user and automatic processing is stopped. The user 
then can change the autoprocessing parameters and restart, 
or use any other function of the GTDS GUX. 

3.11.1.2.9 Send Data t o  Acquisition Data Task 

During maneuver or postlaunch/postmaneuver support, GTDS may 
be used to compute a state vector or ephemeris to be used by 
the ADG task. The GTDS GUX infocms ADG that a new vector/ 
ephemeris is available via an intertask message. The GADG 
entry panel allows the uaer to enter the necessary identifi- 
cation for the data (ddname of TVHF and element set number 
fo'r a vector: ddname for an ephemeris file'). This informa- 
tion then is formatted into an intertask message and sent to 
ADG. A n  advisory message is sent to the user's 5080 screen 
confirming that the intertask message was sent. 

3.11.1.2.10 Display Reports 

The reports provided by GTDS graphics mode (previously under 
GSP graphics) are available under the GUI. These reports 
are saved to a report file after each GTDS run by the GCOPY 
task. The reports generated in the latest run may be viewed 
under the browse reports option on the GTDS main menu. This 
option invokes the graphics package browse utility to d i s -  

play the requested report. Table'3-4 lists the GTDS r e p o r t s  
available in this format. All. saved reports can be browsed 
from the utilities menu using the report data base utilities 
described in Reference 16. 
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Table 3-4. Graphics Reports 

a DC Program 

- Observation residuals report 
- Solve parameters report 
- El-ements report 
- DC summary report 

0 EPHEM Program 

- Ephemeris report 
- Orbit generation summary report 

a EPHEM Compare Program 

- Ephemeris differences report 
- Cartesian differences report 

a EARLYORB Program 

- Observation residuals report 

a A 1  1 

- Error Messages 
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3.11-1.2.11 Display Plots 

GTDS writes data for plotting to output files, according to 
the program being run. The DC program produces data for a 
residuals plot and the EPH- program generates ephemeris 
differences plots, which can be displayed on the 5080. 

The plot characteristics, such as color and line type, are 
input via a NAMELIST file during GUI initialization. 
Table 3-S shows the contents of this NAMELIST file. 

3-11.1.2.12 Browse Spooled Output 

When run in batch mode, GTDS outputs a number of reports to 
the SYSOUT file in 132-column format. Under the GUI, this 
output is written t o  a cataloged data set that can be - 

browsed at the 5 0 8 0  terminal [or under Interactive System 
Productivity Facility (ISPF) on the 32781. Under the GUI, 
the graghics package discussed in Reference 17 provides d 

132-column format for the browse package for viewing these 
reports. 

3.11.1.3 Detailed Description of GTDS GUI 

To execute the GTDS GUI,  the user must first logon to the 
FDF computers (NAS-AS8040 F1, F2, and F3) and, when prompted 
with READY, submit JCL that allocates the appropriate GTDS 
files for the particular run desired and the 5080 graphics 
terminal. The MSE menu (Figure 3-4) then will be displayed 
to the user. To enter the GTDS GUI ,  the user must select 
option 2 on the MSE menu. (The system must display 
AVAILABLE to be accessible,) 

Once the user enters the GTDS CUI, the GTDS processing com- 
mands menu (Figure 3-5) is displayed. The user then may 
select a GTDS control section (a keyword card deck), modify 
key parameters of d control section, edit the entire con- 
trol section, submit a control section, cancel d GTDS j o b  
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Table 3 - 5 .  Plot Parameters NAMELIST Input 
\ 

Namelist: NTSET 

Description: Plot Default Parameters 

Name 

COL 1 
COL 2 
COL3 

STY 1 
STY2 
STY3 

WID1 
WID2 
WID3 

DMl 
DM2 
DM3 

GRIDC 

Type 

R*4 
R*4 
R* 4 

c*4 
c*4 
c*4 

R*4 
R*4 
R*4 

R*4 

R*4 
R*4 

R*4 

Default 

0 

0 

0 

' LNUL ' 
' LNUL ' 
' LNUL ' 

1 

1 

1 

0 

0 

0 

0 

Description 

1st line color 
2nd line color 
3rd line color 

1st curve line style 
2nd curve line style 
3rd curve line style 

Width of line for 1st curve 
Width of line for 2nd curve 
Width of line for 3rd curve 

Brightness for 1st curve 
Brightness for 2nd curve 
Brightness for 3rd curve 

Grid c o l o r  
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1 Mno - acauist t ion Oata Generatian NOT fiVFIILkBLE . 
2 GCRO - Goddard TraJectary Octermtnation System 

3 LCtlO - LjunchiReentry r im  a w  ILHBLE 

4 BCt l0  - TORS5 Beam Angles rirjr AVAILABLE 

' ava ILMLE 

5 uCllO - l l t i  I I t i e s  A V k  ;L1;6LE 

3 TEPn - Terminate flission S u o w r t  E.ecut iue 

Outstanding messages: C r i t i c a l  0 ( 0%) Nan-cr i t ica l  0 ( 9%) 
. I  

F i g u r e  3 - 4 .  MSE Menu (1 of 2 )  
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.:. 

kE'TuTJFi0 CkCO 3 E ; v  (C.55 
1 GCTL - Select G T G 5  Conti-o! 5cct ian 
1 GHuO - rlodify C a y  Parameters' 
3 I ~ E O T  - gdi t 5eIec ttd Control Scc t ian 
J IJSM - ;ubmi t Sontro I 5act ion 
9 6cAI.J - ijncel I ; T O ~  .Job Currently Runnina 

6 GTUP - Bring GTOS Uo 
7 GOUN - Bring- GTOS Oaun 
9 CARP - Set UD Automatic Residual Processing 
9 GAOG - Send Oat3 to FICOOCITA Task 

CONTROL SERVICES 

V IEU IN6 SERV I C E S  
IO GRPT - €$rouse Reports 
I 1  GEPL - O i s o l a y  Eohcmeris Oifferances Plot 
12 GRPL - O i s o I ~ y  Residuals P l o t  
13 GSPO - Bro~rse Sooaled Output 

e .  

l I u t$ t jnd in t j  mtss33e5 C r i  t icsl 6 t @E) llon.-cri t l c j i  15 L 91; I 

F i g u r e  3 - 5 .  G T D S  P r o c e s s i n g  Commands Menu (1 of 3 )  
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sect ion  f r o m  a I 1st o f  j v s i  I able keyuord c a r d  decL.5 
The user  may modify .  a d i t .  o r  submit the chosen 1:eyuol-d 
card dech. 

o f  the  Cuf ' f 'bnt ly selected keyuord ca rd  deck through 3 
data e n t r y  panel If 3 c o n t r o l  s e c t i o n  has not  been 
previously selected.  the f i r s t  keyuord ca rd  deck i n  the 
GTDS pbr-amters f i l e  w I I I be d isp I ayed 

S il;rliID) - This optior,  a l l o u s  the user  t o  modify the Ley p a - m e t e r s  

5 iGEDT)  - This op t i on  a l l o u s  the  u s e r  t o  e d i t  the  c u r r e n t l y  selected 
keyuord card  Ceck i n  i 1s ent i r e t y  If a c o n t r o l  sec t  ion 
hjs not  been p rev ious l y  se lected.  the f i r s t  keyuord Card 
i n  tho  GTOS paraneter r  fila u i  I 1  be d isp layed '  

5 ( M n f l  

4 iG5Uai - This oDt ion allous the  user  
se lec ted  keyuocd card deck. 
selected. the f i r s t  one i n  
u i  I I  be subrnltted 

t o  submit the c u r r e n t l y  
o r  i f  one has not been 
he GTDS'par3meters f i l e  

- This option allous t h e  user  to cancel the 670s Job t h a t  

- Thi5 O p t i o r ~  a l l a u s  the user  t o  b r i n g  GTDS UP through 

I s cu r ren t  I y r unn I ng 

the user i n t e r f x e  

7 (COJtl l  - This option a l l o u s  the user  t o  b r i n g  610s doun through 

8 I G ~ ~ R P J  - This aptior. a l  lous the user  to set  UP Automj t i c  Residual 

the user i r t e r f x e  

PrOCeSSiq by er l te r ing  the necess~ i -y  oarameters on the  
data e n t r y  panel that IS J ~ s o t s y e J  

task b y  en te r ing  the necessary ~ r r a m e t c r s  on t h e  dat3  
en t ry  panel tha t  i s  disolayed 

3 ~IXX) - This ODt ion ,dl Ious the user  t o  send da ta  t o  t h e  K l I D A T f i  

Figure 3 - 5 .  GTDS P r o c e s s i n g  Commands Menu ( 2  of 3 )  
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F i g u r e  3 - 5 .  GTDS P r o c e s s i n g  Commands Menu ( 3  of  3 )  
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that is running, bring GTDS up or down, set u p  automatic 
residual processing, send data to the ADG task, browse re- 
ports, display plots, or browse spooled output. 

If the user wishes to exit this menu, the user must type 
"END" on the command line or press the "END" function key on 
the function key pad attached to the SO80 graphics terminal 
(Figure 3-6). The user will return to the MSE menu: 

As an alternative method for exiting the GTDS GUI, the user 
may type " ~ 6 "  or "=CCMDn as a jump command from any menu or 
data entry panel. 

NOTE: Once the user becomes familiar with all of the four- 
1-etter commands listed on each of the five subsystems' 
main menus in the GUI, the user may specify the appro- 
priate jump command to go directly to the menu or 
data entry panel he or she desires instead of going 
through the hierarchical structure of the GUI. In 
addition, the function key pad has function keys for 
all of the.subsystems' main menus: thus, the user may 
enter any subsystem (provided i t  is available) by 
pressing the appropriate functfion key. 

Each menu and data entry panel has a corresponding help 
panel associated with it, To view the help panel, the user 
must either enter "HELP" on the command line or press the 
"HELP" function key. 

3.11.1.3.1 Select Control Section 

If the user chooses option 1 on the GTDS processing commands 
menu, the select control section menu is displayed 
(Figure 3-7). This menu displays the control card for each 
keyword card deck that is contained in the GTDS control 
parameters file, defined in the JCL. The user must enter an 
"S" beside the control section he or she wishes to modify, 
edit. or submit, 

If the user wishes to modify or edit d control section, he 
o r  she must enter the command "EXEC" or press the appropriate 
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HUP KEYS EN0 m R N  

FlNO REPEAT UP DOWN PRINT INTERRUPT 

TOP BOrrOM WIDTH PRlNTF EXEC CANCEL 

STAT STAT TAB 

Figure 3-6. Function Key Pad 
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F i g u r e  3-7 .  GTDS S e l e c t  C o n t r o l  S e c t i o n  Menu (1 of 2) 

3-213 

149 



DOC. NO. REV. NO. 

s ~ - a w 6 n a  2 

F i g u r e  3 - 7 .  GTDS Select  C o n t r o l  S e c t i o n  Menu ( 2  of 2) 
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functioii key. If the user wishes to submit the chosen con- 
trol section, he or she must enter the command " S U B . "  (There 
is no .function key equivalent for the command " S U B . " ) .  

The line of text directly below the control cards indicates 
which cotitrol section was selected and if it was modified. 

' The user will exit this menu when any of the three commands 
"EXEC," " S U B , "  OK "CANCEL" are entered and return to the 
GTDS processing commands menu. 

3.11.1.3.2 Modify Key Parameters 

If the user selects option 2 on the GTDS processing commands 
menu, a data entry panel is displayed containing the key 
pacameters of the selected control section (Figures 3 - 8  

through 3-11). For example, if the user selects.the EPHEM 

control section on the select control section menu, the 
modify orbit propagator parameters panel will be displayed 
when the user selects the modify key parameters option from 
the GTDS processing commands menu. Only four contcol sec- 
tions may be modified via these data entry panels. These 
include the EPHEM, DC, COMPARE, and EARLYORB control sec- 
tions. However, all of the control sections may be modified 
in their entirety by selecting option 3 from the GTDS menu. 

If the user does not select a control section from the 
select control section menu prior to selecting this option, 
the key parameters of the first control section found in the 
GTDS control parameters .file will be displayed. 

If the user wishes to edit and save the key parameters with- 
out submitting the control section, he OK she must'enter the 
command "EXEC" or press the appropriate function key. To 
submit the control section, the user must enter the command 
" S U B . "  To exit the panel without saving any changes made 01:  

submitting the control section, the user must enter the 
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F i g u r e  3-8. Modify O r b i t  Propagator Parameters (1 of 2 )  
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U O O I F Y  GTOS ORBIT PROPAGATOR PARAUETERS - - - - - - - - - - - - -  HELF HELP - - - - - - - - - - - -  
COflUANO =I=> - 

The key psrameters on the Orbit Propagator p.3rameters panel come from the 
f o l  lou ing  keyuord cards. 

Satel  I i t e  ID 
S a t e l l i t e  Acronym 
Orb  i t Propagat o r  Type 
I n t c p r ~ t o r  b teps ize  

13u t 01.1 t 5 t eps i z e  

Generate Ephem F i I e 
Ephem F i  I +  OG?4ime 

E I emen t f a t  NumErtc- 

i a i - t ~ s i ~ n  P u s i t i o I ~  - :i 
Car-tesisn P o s i t i u n  - '( 
Car-tesim Pos i t ion  - 2 
C3r tes isn  V e l o i i  1 . i  - :#:Jut 
Car-tcsean V e l o c i  t,,, - '#'dot 
i w t t s i & n  V e l u i i  t y  - Zdot 
Rctiercrlie Cotsi-ji rla!e 

Central  Bod'! 
S o l s r  G e i l e c t  i v i  t y  

01- ag C oe f f i c i en t 

End Tim O f  Ephem I h t p l J t  

TI: OP5 V e i  t 01- HO I IY 
Fi l e  DDllsme 

EpOCh 

S y s t e m  

C o e f f i c i e n t  

risss 

= wi:ifir ELS 
9, EPIICH 
=i  ELERENTI 
= ELErlErJT I 

= ; ELEFlENT2 
ELEHENTI 

Cross Sei: t iona I Area = >  SCPARCIH 

Figure 3-8. Modify O r b i t  Propagator Parameters ( 2  of 2 )  
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Cartesian P o s i t i o n  - S 

Cwtcs ian  Va loc i t /  - :/dot 
'Id0 t 
idOt 

Q c i a r + n i  a Coord I na t a 
Svs t em 

Central Body 

Y 
7 

s: 

m i  .: .. .' .: .: 
.. .. 

F i g u r e  3-9. Modify DC Parameters ( 1  of 4 )  
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UORKELS 
EPOCH 
ELEflEt11 I 
ELErlENT I 

ELEHENT 2 
ELEMENT? 
EL E HE N T  2 
ELEIlENT I 

ELErlENT I 

Figure  3 - 9 .  Modify DC Paramet:ers ( 2  of 4 )  
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' 1 1 1 1 1 3 1 1 1 1 1 1 1 1  ' 

' 1 : : : r . : :  I 

! f : f i : l ! i  1 

4 nL."clm"n I 

Figure  3-9. Modify DC Parameters ( 3  of 4 )  

3-220 
149 



DOC. NO. REV. NO. 
s~-a5/673a 2 

Eooi:tl 
Csrtesian Posit 
Cartesian Cos1 t 
C i r t e s i j n  P o s i t  
Cartesian Veloc 
c 3 - t e s i a n  Veloc 
C j r t e s i a n  Veloc 

= TDRUkELS 
= >  TORORB 
= >  TOGEPOCH 

on - X =: TDRELEnl 
on - t 0 )  TORELEt l l  
on - 7 = Z  T O k E L E t l l  
t y  - :dot = i TORELEtl:.! 
t y  - Ydot 0 )  TDRELEtl:! 
t y  - Zjo t  = )  TORELER:? 

F i g u r e  3 - 9 .  Modify DC Parame%ers ( 4  of 4 )  
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F i g u r e  3-10. Modify EPHEM Compare Parameters (1 of 2) 
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Ephem F i  l e  I ODtljme - >  
Echem F i  le 2 OOName = >  
T y p e  o f  Comarison *>  
Tomar-ison Technique = >  
iomct.wison S t a r t  Time = >  
Comparison End T i m e  
Comcsrison I n t e r v a l  *>  
P r i n t e r  P l o t s  - >  
PI O t  Type = >  
111 r. I mlJm Y Value - >  
tls. imi~r r ,  Vjlue = >  
I?n I 1. 5 .> 

Figure 3-10. Modify EPHEM Compare Parameters ( 2  of 2 )  

3-223 
149 



DOC. NO. REV. NO. 
SD-85/6738 2 

Figure  3-11. Modify Early O r b i t  Parameters (1 of 2 )  
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The Ley pjr jmeters  on the l l o d i f ~  E a r l y  Orb1 t Parameters panel come f r o m  the  
i o 1  louing keyuord carus: 

Satcl  I i t e  IO 
S j t e i  I i t c  Acronym 
C.t at- t T I me 
End T i m e  

Figure 3-11.  Modify Early Orbit Parameters ( 2  of 2) 
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command "CANCEL" or press the appropriate function key. 
Since the user is able t o  modify only the key parameters of 
the control section with this option, he or she must be 
aware of the other parameters contained in the keyword card 
deck when submitting the control section. 

All three commands "EXEC," "SUB," and "CANCEL," when entered, 
will return the user back to the GTDS processing commands 
menu. 

3.11-1.3.3 Edit Selected Control Section 

If the user chooses option 3 on the GTDS pro'cessing commands 
menu, the edit selected control section panel is displayed 
(Figure 3-12). This panel displays the entire control 
section as it is found in the GTDS control parameters file, 

The user may insert a line, delete a line, or make temporary 
changes to the control section. To insert a line, the user 
must type an asterisk in the first column of the line to be 
moved down and enter the command "INS-" The user then may 
type in the new keyword card. To delete a line, the user 
must type an asterisk in the first column of the line to be 
deleted and enter the command "DEL." The keyword card then 
is removed from the control section. If the user wishes to 
make temporary changes until the commands "EXEC" or "SUB" 
are entered, he or she must enter the command "CNG." 

To save the changes made without submitting the control sec- 
tion, the user must enter the command "EXEC" or press the 
appropriate function key. If the user chooses to submit the 
edited control section, he or she must enter the command 
"SUB." To exit the'panel without saving changes or submit- 
ting the control section, the user must enter the command 
"CANCEL" of press the appropriate function key. 
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CON 1 ROL 
EPOCH 86042000000000046 @ 

a 
-a 
0 
a 
a 
0 
a 
0 
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969920303'2307 10*04 
239 136843% 147D*3 1 

F i g u r e  3 - 1 2 .  E d i t  S e l e c t e d  C o n t r o l  S e c t i o n  (1 of 2 )  
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F i g u r e  3 - 1 2 .  E d i t  S e l e c t e d  C o n t r o l  S e c t i o n  ( 2  of 2 )  
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The user will exit this panel when the command "EXEC," "SUB," 
or "CANCEL" is entered and return to the GTDS processing com- 
mands menu. 

3.11.1.3.4 Submit Control Section 

When the user selects option 4 on the GTDS processing com- 
mands menu, the control section selected from the select 
control section menu is submitted to GTDS for processing. 
If a contr'ol section was not previously selected, the first 
control section found in the GTDS control parameters file is 
submitted to GTDS for processing. 

Before a control section can be submitted for processing, 
GTDS must be brought up. This is done by selecting option 6 
on the GTDS processing commands menu. 

3.11.1.3.5 Cancel GTDS Run 

When the.user chooses option 5 on 'the GTDS processing com- 
mands menu, a message is sent to GTDS to cancel the control 
section that was submitted for processing. 

3.11.1.3.6 Bring GTDS U p  

If the user selects option 6 on the G'IIDS processing commands 
menu, the GTDS task is attached. This must be done before 
submitting d control section. 

3.11.1.3.7 Bring GTDS Down 

If the user chooses option 7 on the GTDS processing commands 
menu, the GTDS task is detached. If a GTDS job is running 
when this option is selected, the GTDS run is cancelled and 
GTDS is then detached. 

3.11.1.3.8 Automatic Residual Processing 

If the user selects option 8 on the GTDS processing commands 
menu, the automatic residual processing parameters panel is 
displayed (Figure 3-13). The  first line of information 
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.; 
0 :  

.> 

.> 
- >  
.> 

(NN NN t l inutes)  
(WAAfiAAA or blank  i f  vector h3s 

(R Restart f rom arigindl 3 t a - t  t i m e  

(rib1 riri n i n u t c s j  

( 'Y /FJ )  
i o  Oer'3ul t .  
H llsnusl) 

(Enter  uo tu ? tyoes  
R A  = Range. 
RR - Rsngs p 3 t b / O O P C  I el- 
AI * F i r j t  Angle. 
A 2  = Second Angle! 

been socc I f I ad an keyuoru i w d l  

C Continua f rom las t  stop t i m e .  
0 = O a l t a  t ime s o e c i f i c d l  

Figure  3-13. Automatic Residual Processing 
Parameters (1 of 3 )  
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Aiv tomat  I C  k e s i c ~ i ~ j l  ProcPssing submits GTDS 0 - C  runs &t  
I J S ~ I -  indit::ited t i m e  i n t e r v a l s  ProCessiniJ 1 5  ha1 t e J  by  
~ . I - + ~ J I ~ I J  the j ~ j t o m j t  I C  I i tat-ruot f u n f t  ion  k e y  

The c j r j m + t e f s  r i h i c h  can be s&JeClfled 5i-C ,LS f c J I l O U S  

l:.TO: 3ubmission I n t e r v a l  - 
The t ime i r i te rua l  3t u i 1 i C h  SIJbseqlJ+rit 4;TD.f  1)-c I'lJn5 
31-8 t j  be submi t t 4 .  i n  minutes 

The ddn3me o f  the ngni i la l  ephemeris t o  be ~ J S C ~  i n  
i n  determin ing the :omfmtbU observst 10r1 i 'aluer. i f  

one I S  t o  be used S i  a s t w t  uectoi' i s  soecified 
i n  the keyuord CarU deck. t h i s  f i e l d  !ihoulU be l e f t  
b I m k  

P I P e 5 t j i - t )  - E x n  ;TDS r u n  u i  I I stjr!: at the same 
s tar t  t 8 m e  End t i m e  1 5  the cur ren t  
t i m e  uhcn the job  I S  Submitted 

C (Cant 1rIlJe)- Each .;TO5 run u i  I I start; a t  the t i m e  
the I ~ ~ o v i o u s  run  ehded The f i r s t  
s t a r t  time i s  the t ime on the keyuord 
f i l e  h e n  ARP i s  begun End time i s  
aluavs t he  t ime uhen the run i s  submitted 

submitted The s tart  t ime I S  N minutes 
bef0i-S) rhc  end t ime. uhere PI I S  the 
De l ta  l i m e  entered i n  the nest  f i e l d  o f  the 
oarie I 

rlqn I n j  I Eohem 0011~ne - 

3 t a - t  11m Selec t ion  

0 IOelta t i  - The m d  time i s  the t i m s  uhen the r u n  1 5  

Figure  3-13. Automatic Residual Processing 
Parameters ( 2  of 3 )  
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Figure 3-13. Automatic Residual Processinq 
Pa.rarneters ( 3  o f  3 )  
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displays the control card of the currently selected control 
section; this cannot be modified,' 

The user may save changes without submitting the control 
section by entering the "EXEC" command or pressing the 
appropriate function key, If the user chooses to submit the 
control section, he or she must enter the "SUB" command. To 
exit the panel without saving changes or submitting the con- 
trol section, the user must enter the "CANCEL" command or 
press the appropriate function key. 

The user will exit this panel when the command "EXEC," 
"SUB," or "CANCEL" is entered and return to the GTDS 
processing commands menu. 

3.11.1.3.9 Send Data to Acquisition :Data Task 

If the user selects option 9 on the-G'TDS processing commands 
menu, the send data to ACQDATA task panel is displayed (Fig- 
ure 3-14). 

To send a message to the ACQDATA task, the user must enter 
the command "EXEC," If the user wishes to exit this panel 
without sending a message to the ACQDATA task, he or she 
must enter the "CANCEL" command, Either command will exit 
the panel and return the user to the GTDS processing com- 
mands menu. 

3.11-1.3.10 B r o w s e  Reports 

If the user chooses option 10 on the GTDS processing commands 
menu, the browse reports menu is disp:Layed (Figure 3-15). 
The reports listed on the menu depend on the control section 
that was selected. For example, if the user selects the 
EPHEM control section on the select control section menu, 
the EPHEM report titles will be displayed- The user then 
may select a report to browse by entering an " S "  beside the 
desired report. If a control section was not selected prior 
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F i g u r e  3-14. ACQDATA T a s k  P a n e l  (1 of 2 )  
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The t 'ol louing criterias are  necessary (or 
sending a message to Acljata task: 
I ic u a l  I d  S I C / V I C  
I' E i t h e r  3 TVHF OOFlame or 3n Eohemeris F i  l e  DDPlama 

3 A n  element set number ui  t h  the TVHF DOllama 
but riot both 

Figure 3 - 1 4 .  ACQDATA T a s k  P a n e l  ( 2  of 2)  
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Figure 3-15. B r o w s e  Repor ts  Menu (1 of 2 )  
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The bRl:lU~~.E REPORT'j HEtVJ a l  loug the user t o  v leu 670s 
j C r ; f l  f i l a  reports  solect the reoort  t o  Ibe broused by 
erltei-in3 s '  before the Ceport name. and enter  EXEC On 
the i o m m . j n d  l i n e  T o ~ l t w s  BROUSE and r e t u r n  t o  the REPORTS 
panel .  ~ r e s s  the E N 0  r u n c t l o n  k e y  o r  enter  Eldo on the 6kOUSE 
command I I ne 

lo  laawc the BROUSE REPOkfS panel and r e t u r n  t o  the GlOS 
main oot ions menu. enter  CRtdCEL 

I 

F i g u r e  3-15. Browse Repor ts  Me,. If 2 )  
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t o  e n t e r i n g  t h i s  menu, a message i s  d i s p l a y e d  t o  t h e  u s e r  t o  
se lect  a c o n t r o l  s e c t i o n .  

Once a r e p o r t  is  c h o s e n ,  t h e  u s e r  must enter  t h e  "EXEC" com- 
mand o r  press t h e  a p p r o p r i a t e  f u n c t i o n  key .  The u s e r  t h e n  
w i l l  e n t e r  t h e  g r a p h i c s  p a c k a g e  browse  u t i l i t y  w i t h  t h e  

c h o s e n  r e p o r t  d i s p l a y e d .  To e x i t  t h e  p a n e l  d i s p l a y i n g  the  

r e p o r t ,  t h e  u s e r  must e n t e r  t h e  "END" command O K  p ress  t h e  

a p p r o p r i a t e  f u n c t i o n  key. The u s e r  t h e n  w i l l  r e t u r n  t o  t h e  

browse  r e p o r t s  menu. 

To e x i t  t h e  browse  r e p o r t s  menu, t h e  user must  e n t e r  t h e  

"CANCEL" command o r  p r e s s  t h e  a p p r o p r i a t e  f u n c t i o n  key. 

3.11.1.3.11 D i s p l a y  Ephemer i s  D i f f e r e n c e s  P l o t  

If  t h e  u s e r  se lects  o p t i o n  11 o n  t h e  GTDS p r o c e s s i n g  com- 
mands menu, t h e  view ephemeris d i f f e r e n c e s  p l o t  p a n e l  w i l l  
be  d i s p l a y e d  ( F i g u r e  3-16). The u s e r  must r u n  a COMPARE 
Program t o  g e n e r a t e  da ta  t o  b e  p l o t t e d  o n  t h e  ephemeris  
d i f f e r e n c e s  p l o t  b e f o r e  e n t e r i n g  t h i s  o p t i o n .  

The u s e r  c a n  s e l ec t  how t h e  p l o t  w i l l  b e  d i s p l a y e d  by se lec-  
t i n g  t h e  p l o t  mode. S e l e c t i n g  "I"  a l l o w s  u s e r  i n t e r a c t i o n ;  
"N" d o e s  n o t  a l l o w  u s e r  i n t e r a c t i o n .  Once t h e  plot mode has 

been  s e l ec t ed ,  t h e  u s e r  must e n t e r  t h e  "EXEC" command. 
After a f e w  moments t h e  u s e r  w i l l  see t h e  p l o t  d i s p l a y e d .  
To t e r m i n a t e  t h e  i n t e r a c t i v e  p l o t  s e l e c t  "EXIT" w i t h  t h e  

l o c a t o r  device a t t ached  t o  t h e  5080 g r a p h i c s  t e r m i n a l .  To 

t e r m i n a t e  f rom t h e  n o n i n t e r a c t i v e  p l o t ,  p r e s s  a n y  key  on t h e  

keyboard .  E x i t i n g  e i t h e r  t y p e  of p l o t  w i l l  r e t u r n  t h e  u s e r  
t o  t h e  view e p h e m e r i s  d i f f e r e n c e s  p l o t  p a n e l .  

To e x i t  t h e  ephemeris d i f f e r e n c e s  p l o t  p a n e l ,  t h e  u s e r  must 
e n t e r  t h e  "CANCEL" command. H e  o r  s h e  t h e n  will r e t u r n  t o  
t h e  GTDS p r o c e s s i n g  commands menu. 
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F i g u r e  3 - 1 6 .  V i e w  Ephemeris D i f f e r e n c e s  Plot (1 of 2)  
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The EPHEflERIS DIFFERENCES PLOT p q 8 I  allous t h e  user t o  
enter cooruinates t o  be UlotteU a1 t e r  each 6105 r u n .  

The l J S w  may enter  up t o  thr*sa coordinates The f i r s t  
l i n e  mJSt contain 3n rnti-y before executing this panel 

The l J S W  can s8lect  hou the p l o t  u i  I I be displayed 
" I "  31 Iuus user in teract  ion artd "N" does not S I  IOU user 
interact ion To terminate the i n t e r a c t i v e  p l o t  select  E X I T -  
u i t h  the locator  device a d  to terminate f rom the 
non- i n t w a c t  ive p l o t .  dewbss m y  key on the keyboard 

F i g u r e  3 - 1 6 .  V i e w  Ephemeris  D i f f e r e n c e s  Plot ( 2  of 2 )  
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3.11.1.3.12 D i s p l a y  R e s i d u a l s  P l o t  

If t h e  u s e r  s e l ec t s  o p t i o n  12 on t h e  GTDS p r o c e s s i n g  com- 
mands menu, t h e  view resi.dua1.s p l o t  p a n e l  i s  d i s p l a y e d  
( F i g u r e  3-17). The u s e r  must r u n  a DC Program t o  g e n e r a t e  
da ta  t o  be p l o t t e d  on  t h e  r e s i d u a l s  p l o t  b e f o r e . e n t e r i n g  
t h i s  o p t i o n .  

The u s e r  c a n  s e l ec t  how t h e  p l o t  w i l l  b e  d i s p l a y e d  by selec-  
t i n g  t h e  p l o t  mode. S e l e c t i n g  "1" a l l o w s  u s e r  i n t e r a c t i o n ;  
"N" d o e s  n o t  a l l o w  u s e r  i n t e r a c t i o n .  Once t h e  p l o t  mode has 

been se lec ted ,  t h e  u s e r  must e n t e r  t h e  "EXEC" command. 
A f t e r  a f e w  moments t h e  u s e r  w i l l  see t h e  p l o t  d i s p l a y e d .  
To t e r m i n a t e  t h e  i n t e r a c t i v e  p l o t ,  se lec t  "EXIT" w i t h  t h e  

l o c a t o r  device a t tached  t o  t h e  5 0 8 0  g r a p h i c s  t e r m i n a l .  To 
t e r m i n a t e  f rom t h e  n o n i n t e r a c t i v e  p l o t ,  .press any  key on t h e  
keyboard .  E x i t i n g  e i t h e r  t y p e  of p l o t  w i l l  r e t u r n  t h e  u s e r  
t o  t h e  view r e s i d u a l s  p l o t  p a n e l .  

To e x i t  t h e  r e s i d u a l s  p l o t  p a n e l  t h e  u s e r  must e n t e r  t h e  

"CANCEL" command. He o r  s h e  t h e n  w i l l  r e t u r n  t o  t h e  GTDS 
p r o c e s s i n g  commands menu. 

3.11.1.3.13 Browse Spooled  Ou tpu t  

When t h e  u s e r  s e l ec t s  o p t i o n  13 on t h e  GTDS p r o c e s s i n g  com- 
mands menu, t he  u s e r  w i l l  e n t e r  t h e  g r a p h i c s  package browse 
u t i l i t y  w i t h  t h e  spooled o u t p u t  f rom t h e  c u r r e n t l y  r u n  GTDS - 
j o b  d i s p l a y e d  ( F i g u r e  3-18). If a GTD'S j o b  was n o t  sub-  
m i t t e d ,  t h e  u s e r  w i l l  see a message f rom t h e  browse u t i l i t y  
and a n  empty browse p a n e l .  c 

To e x i t  t h e  browse p a n e l ,  t he  u s e r  must e n t e r  t h e  "END" com- 
mand or press t h e  a p p r o p r i a t e  f u n c t i o n  key. The u s e r  t h e n  

W i l l  r e t u r n  t o  t h e  GTDS p r o c e s s i n g  commands menu. 
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F i g u r e  3 - 1 7 .  V i e w  R e s i d u a l s  Plot ( 2  of 2)  
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Figure  3 - 1 8 .  V i e w  P a n e l s  W i t h  Spooled Output ( 1  of  11) 
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F i g u r e  3-18. View Panels With Spool-ed Output ( 2  of 11) 

149 

3-245 

. 



DOC. NO. REV. NO. 
SD-85/6738 2 

F i g u r e  3-18. View P a n e l s  W i t h  Spoo led  O u t D U t  ( 3  o f  11) 
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F i g u r e  3-18. V i e w  P a n e l s  W i t h  S p o o l e d  Output ( 4  of 11) 
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F i g u r e  3-18. V i e w  P a n e l s  W i t h  Spoo led  O u t p u t  ( 5  o f  11) 
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F i g u r e  3-18. V i e w  P a n e l s  W i t h  Spooled O u t p u t  (6 Of 11) 

3 - 2 4 9  
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F i g u r e  3 - 1 8 .  V i e w  Panels With Spooled Output  ( 7  of 11) 
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//FT03F001 
//FT04F001 
//Ff08F001 
//FT09F001 
//I710F001 
//FTllFOOI 
i/FT13F001 
//FT13F00 I 
/ ,' LAE 

DD 
DD 
DO 
DD 
DO 
DD 
DO 
DD 
DO 

IEL : 

F i g u r e  3-18. V i e w  P a n e l s  W i t h  Spooled O u t p u t  ( 8  of 11) 
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F i q u r e  3-18. View Panels With Spooled Output (9 o f  11) 
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Figure  3 - 1 8 .  V i e w  Pane l s  With Spoo:Led O u t p u t  (10 of 11) 
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F i g u r e  3 - 1 8 .  V i e w  Panels With S p o o l e d  Output  (11 of 11) 
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3.11.2 GTDS AS A SERVICE ORBIT PROPAGATOR 

GTDS remains a single load module that is capable of execu- 
ting in three distinct modes: 

1. Batch 
2 ,  As an option under the TCOPS user interface ( U I )  

3 .  As a service orbit propagator 

Options 1 and 2 are discussed elsewhece in this document; 
this section will explain the use of GTDS as a service orbit 
propagator for some subtask in the TCCIPS multitasking en- 
vironment. It should be noted that the information provided 
is programming information and not int:ended for users-at- 
large. 

3.11.2.1 General Information 

GTDS as a service orbit propagator is driven entirely by a 
FORTRAN unit called UTPROP, resident in the user subtask. 
Both subtasks (user subtask and GTDS) must exist in the J C L  

that executes the TCOPS Executive. In1 this environment, 
- UTPROP exercises total control over G'I'DS, known in this 

environment as load module PROP (created in the link step as 
the GTDS alias). 

When brought up by an application via UTPROP, the EPHEM 
program with all its options f o r  orbit propagation services 
is the only GTDS service available. When in this mode, all 
FT06 output is suppressed: any error message is written to a 
file for later browsing; output vectors are returned to the 
requesting subsystem in a 50-by-6 array via an int'ertask 
communication. An input mode parameter enables GTDS to 
recognize the mode under which it is executing. Output 
EPHEM files also are available; their ddnames will be passed 
by UTPROP. UTPROP also can provide overrides to control 
information parameters. 
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3.11.2.2 Inout/Outout 

GTDS has an extensive set of formatted keyword cards that 
provide for input of its control parameters. These keyword 
cards will continue to be the prime mechanism for GTDS con- 
trol parameter input. The subtasking environment, however, 
allows an application bringing up GTDS for orbit propagation 
services to directly pass certain overrides t o  GTDS without 
the necessity of formatting new keyword cards. 

When used for orbit propagation services by another applica- 
tion program, considerable flexibility is provided via the 
utility UTPROP.. This FORTRAN unit (with entry points UTPRPU, 
UTPRPD, UTPRPS, UTPROP) fulfills several functions for any 
user application: 

Attach GTDS for an orbit propagation. 

Order GTDS t o  perform a propa.gation (GTDS already 
UP) - 
Cancel a propagation in progress. 

Detach GTDS. 

'Inform GTDS as to its mode of execution (parameter 
'MODE', handled by the utility). 

Inform GTDS as t o  the source of an initial keyword 
card deck defined in the JCL.  (Parameter 'DDIN', 
passed by application to UTPROP, can be changed 
each time propagation is ordered.) 

Inform GTDS as to which overrides to apply t o  the 
skeleton control information it will s o o n  retrieve 
(loaded by user task). 

Identify an error message file for error messages 
(part of parameter 'DDOUT', passed t o  utiLity by 
application program). 

a 
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0 Identify the ddname of an output EPHEM file, if 
requested. 

0 Return 6-by-50 array of position and velocity vec- 
tors via intertask communication, via the utility 
in a wait state, or via the application program. 

0 Give GTDS the load module and queue to which to 
send the array. 

3.11.2.2.1 Input Via UTPROP 

Primary input to GTDS remains as described elsewhere in this 
document. UTPROP provides the capability of overriding the 
skeleton O K  default keyword cards defined in parameter 
'DDIN' that is passed to GTDS via an intertask message. 

UTPROP is a subroutine linked into the application program 
that accepts full responsibility for handling the GTDS task 
while needed by the application program. It is invoked by 

CALL UTPRPU (IERR) to bring up GTDS and wait for propa- 
gation order 

or CALL UTPROP (PROP, STAY, LMNAME, ]:QUE, DDIN, DDOUT, 
OVRID, IOVRID, LREAL, LINT, VECOUT, IPRPNO, IERR) to 
order propagation (utility in waif state if STAY = 

.TRUE,) If PROP = .FALSE.,  the  u t i l i t y  is r e t u r n i n g  for 
more vectors. 

Or CALL UTPRPD (IERR) to bring down GTDS 

or CALL UTPRPS (IPRPNO,ISERR) to stop a propagation. 
(IPRPNO is the propagation number returned previously by 
UTPRP. ) 
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where: 

Var ia b 1 e TvRe I/o 

STAY 
PROP 

L*1 I 
L*l I 

LMNAME C* 8 I 
I QUE 1*4 I 
DDIN C'8 I 

DDOUT ( 2 ) C'8 I 

OVRID(40) R'8 I 

I OVR ID ( 4 0 ) 1-4 I 

LREAL(40) L*l I 
LINT( 40) L*1 I 

a 
Description 

Wait if true: exit if false 
Order propagation if true: pick 
up vectors if false 
Load module for vector delivery 
Quaue to which vectors delivered 
ddname for default input keyword 
card deck for GTDS orbit propa- 
gation 
ddname for output data set 
(error messages only) and output 
EPHEM file 
Real*B array containing real 
overr ides 
Integer array containing integer 
overr ides 
Logical array 
Logical array 

VECOUT ( 6 , 5 0  ) R'8 0 Array of position and velocity 

IERR 1.4 0 Return code 
Vec t or s 

10, action successful 
11. communication problem 
= 2 ,  action unsuccessful (see 

output error message file 
for detaiIs) 

These latter four arguments in the calling sequences are 
devoted t o  a flexible scheme whereby the following GTDS key- 
word cards can be overridden: 

Integer Real 
Index Index 

(LINT, IOVRID) (LREAL, O V R I D )  

Element 1 1 2 3  1 2 3  
El emen t 2 4 5 6  
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Integer Real 
Index 1nde:K 

(LINT, IOVRID) (LREAL, OVRID) 

Epoch 
output 4 5 6  

SCPARAM 
SOLRDPAR 
DRAGPAR 
OUTOPT 10 11 12 
MAXDEGEQ 
MAXORDEQ2 1 
NCBODY 13 14 
TOLER 15 16 17 

ORBTYPE 7 .  8 9 

7 8  
9 10 11 

12 
13 14 
15 
16 
17 18 19 

22 23 
25 26 27 

The rest of the 40 positions are spare. 

The scheme is based on the nature of the GTDS keyword cards; 
that is, a l l  GTDS keyword cards have 1:hree integer fields. 
followed by three real fields. Thus, to override one of the 
fields on the aforementioned cards (which must exist in the 
skeleton deck to which 'DDIN' points): 

Find the location of the field to be overridden. 

- Note its index I. 
- Note its type (integer or real). 

Set either LINT(1) = ,TRUE. or LREAL(1) = .TRUE. 
depending on type. 

0 Load the override into IOVRID(1) or OVRID(1) 
depending on type. 

Note that this scheme is hidden from t,he user as part of the 
software; it is a logically secure scheme for overriding 
control information in a fixed GTDS keyword card deck 
('DDIN') as specific values in a speci.fic situation are 
determined by the application software!. The application 
software should devote a single unit for loading Overrides. 
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Only two restrictions o n  overrides exi'st: 

0 Each keyword card to be overridden must exist in 
the keyword card deck defined by 'DDIN'. 

The preceding listing of  cards and indices must be 
followed. 

0 

3.11.2.2.2 output 

If brought up by an applications program for Orbit propaga- 
tioa, GTDS will provide no browsable output at all except 
error messages, which will be routed to a data set defined 
in parameter 'DDOUT(1)' passed to GTDS via UTPROP. 

The output array of vectors will be at output stepsizes and 
in coordinate frames defined by the input keyword card deck 
('DDIN') or by overrides via UTPROP. I f  less than one  fu l .1  

50-by-6 array is filled, t h e  remainder of the array will be 
zero filled; if more than one array is needed, the applica- 
ti6n will accept one full array passed out of UTPROP, along 
with a flag denoting that more are o n  the way. This proce- 
dure can be continued indefinitely. It is the responsibil- 
ity of the calling task to manage the times of propagation 
along with 'DDIN' and 'DDOUT', all of which could change 
each time GTDS is told t o  propagate. 

3 . 1 1 . 2 . 3  DeSCtiDtiOn of Processinq 

All necessary input to GTDS is via parameters from the TCOPS 
multitasking executive or via UTPROP. Several new units 
enable this processing. 

New subroutine MAIN(PARMS) receives the mode parameter from 
the TCOPS executive when GTDS is brought up; modified unit 
ODSEXC (old ODSEXEC) decides whether to proceed with a 
normal GTDS run (batch mode, GTDS task under the UI and, 
thus, calling SETUI to manage ddnames) or whether its orbit 
propagation service is being requested, in which case new 
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unit PRPEXC is called to set GTDS in this mode. 
actually a different version of ODSEXC:, whose only GTDS 
function is to call the orbit propagation driver, EPHGEN. 
PRPEXC also receives output sent via jintertask communication 
from UTPROP and attaches the ddnames sent. PRPEXC also con- 

trols the return of vectors to the calling task. 

Thus,  for.any GTDS mode in any mode of execution, either a 
path is taken through mostly Older GTDS code (ODSEXEC) or 
through PRPEXC. 

PRPEXC is 

e 

149 
3-261 



DOC. NO. REV. NO. 
S D - 8 5 / 6 7 3 8  2 

SECTION 4 - KEYWORD CARD DESCRIPTIONS 

As explained in Sections 1 through 3, input to GTDS is 
provided via keyword cards. The general format of an input 
deck is described in Section 2, and the input required for 
specific programs is discussed in Section 3. Section 4 
describes each keyword card, its use, and the information 
that it must contain. 

The alphabetical keyword listing includes mandatory 
keywords, subdeck identifiers, and optional keywords that 
may be included in subdecks. The name of the keyword 
appears in the upper right-hand corner of the page for quick 
reference. Beneath the keyword name, one of the following 
notations appears: 

(mandatory) 
(subdeck. identifier) 
(subdeckl, subdeck2, ... ). 1 

Mandatory in parentheses means that the keyword is 
mandatory; subdeck identifier means that the keyword is a 
subdeck identifier; and a list with one or more subdeck 
names means that the keyword may be included in any of the 
subdecks listed. 

The keywords conform to a format, which is supplied on each 
keyword page. In most cases, this format consists of an 
alphanumeric field ( A B ) ,  which contains the keyword (an 
alphanumeric identifier in card columns 1 through 8); three 
integer fields (313), and three real fields (3G21.14).. The 
three integer fields are commonly referred to as the 
11 field, the I2 field, and the I3 field; the three real 
fields are referred to as the R1 field, the R2 field, and 
the R3 field. Data values supplied for 11, 12, and I3 must 

'The terms (subdeckl, subdeck2, . )  represent the names 
of subdecks. 
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be punched in integer form (i.e, the data values contain no 
decimal points) and right justified in the field. Data 
supplied in the R1, RZ, and R3 fields will be accepted by 
GTDS as double-precision numerical data and must be in a 
valid floating-point representation (i-e., either a number 
punched within the field containing a decimal point or a 
number punched with a D or an E decimal exponent right 
justified in the field). Any data value supplied for the 
real fields (even though the data may be a-whole number) 
must be a floating-point representation. 

The keyword descriptions state the default data values where 
they exist. A default value will be used if the data field 
is blank or if a value of zero is supplied in the field. 
Any value in the field other than zero or blank will 
override a specified default. 

Unless otherwise specified, the data units used are 
kilometers, seconds,.kilometers/second, and degrees. Dates 
supplied on GTDS input cards are usually two words in the 
packed form 

w m d d .  
hhmmss.ssss 

where yy represents the year (e-g., yy is 74 for 
year 1974) 

mm represents the month 
dd represents the day of the month 
hh represents the hours 
mm represents the minutes 

ss.ssss represents the seconds and fractions of 
seconds 

The information on the remainder of the page(s) includes the 
keyword name, the format of the input card, a list of 
programs for which the keyword is applicable, and a detailed 
description of the information to be included on the card. 
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All keywords, keyword functions, and applicable programs and 
subdecks are summarized in Appendix F. 
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AbbB**** 
Accept Specification 

Card 
(DMOPT, DCOPT) 

Abbb* * * * 

e Card format: (A8, 313, 3G21.14) 

e Applicable progcams: Differential Correction (DC), 
Data Management (DATAMGT) 

e Detailed format: 

Columns Fo cma t Description 

1-8 A8 AlbB****--keyword to set edit accept- 
ance criteria where the  asterisks rep- 
resent the receive (tracking) station 
acronym (see Note 1). (See Appendix A ,  
Table A-5 ,  for the 60-byte data base 
station acronyms.) If a l l  receive sta- 
tions employing the same tracker type 
ace to be accepted, "ALLX" is used in- 
stead of a station acronym, where X 
specifies the tracker type (see 
Table 4-1 for values o €  X). If aLl 
receive stations are to be accepted, i t  
is n o t  necessary to input the station 
acronym or tracker type. 

I3 Sat el 1 i t e object number : 

I. 

9-11 
For the USB tracKitig system = the 
object number 

a# For the Applimtions Technology 
Satellite (ATS) tracking system = the 
packed integer I J K  
where 1: = reLay satellite indicator 

(e.g., 1 = 6 for ATS-6) 
(See Table 4-2 f o r  vaLues of J 
and K . )  

For the TDRS tracking system = the 
packed integer I J K  
Where I = VIC of target for sate'l'lite 

to satellite data, or VIC of 
return l i n k  Tracking and Data 
Relay SateLLite (TDRS) 
f o c  ground transponder data 

J = fOtWdKd-link TDRS ID (see 
Note 3 )  
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Abbb**** 
Accept Specification 

Card 
(DMOPT, DCOPT) 

Columns Format Description 

9-11 
(Cont Id) 

12-14 I3 

15-17 I3 

K = return-link TDRS ID (If I 
of J 01: K = 0, do not key on 
this item.) 

Default = 0, accept all object numbers 
Frequency at which observations satis- 
fying criteria for the Accept Specifi- . 
cation Card are accepted (default = 1) 
(see Note 6) 
Ground transponder index number (for 
the TDRS trackinq system = the ground 
transponder index number to be ac- 
cepted)--default = 0, accepts all ground 
transponder index numbers 
(See Appendix A, Table A-5, for ground 
transponder index numbers. ) 

18-38 G21.14 Editing an a combination of specifica- 
tions TTMR (see Note 4): 
TT = GTDS ObservaLtion type number (see 

Appendix A, Table A-2) 
= 00, do not key on observation type 

M = equipment made indicator as defined 
for C-band, minitrack, USB, ATSR, 
Cartesian Velctor and TDRS tracking 
sys t ems 

(See Table 4-3 far values.) 
= 0, do not key on equipment mode 

R = data rate indicator as defined for 
Goddard Ranqe and Range Rate 
(GRARR), ATSR, and TDRS tracking 
systems 

(See Table 4-4 for values.) 

39-59 G21.14 Staft time of span for edit 
(yymmddhhmmss.ssss); the default is the 
time of the earliest ob’servation (see 
Note 5 )  

(yymmddhhmmss.ssss): the default is the 
time of the last observation (see 
Note 5 )  

= 0, do not key on data rate 

60-80 (321.14 End time of span for edit 
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Alblbb***= 
Accept Specification 

Card 
(DMOPT, DCOPT) 

This keyword may be included in either the DMOPT or the 
DCOPT subdeck, depending on when the user wants the editing 
to be performed. By placing the keyword in the DMOPT sub- 
deck, editing will be performed as the Observations Working 
File is being built. Thus, edited observation will not 
appear in the working file. By placing the keyword in the 
DCOPT subdeck, editing will be performed as part of the DC 
process. In that case, observations will be placed on the 
Observations Working File and either used or not used in the 
DC calculations as specified by the editing criteria. 

Data to be edited must satisfy t h e  station acronym, tracker 
type, object number, and ground transponder ID edit criteria 
and one of the three tracker type, mode, and rate combina- 
tions specified; the data must fall within the edit timespan 
and must not have been selected by another A or D card. 
Data selected and meeting these criteria will then be 
subjected t o  the frequency test before being accepted or 
deleted. 

NOTES: 1. 

2 .  

3 .  

The Accept and Delete specification cards must 
be preceded by an ACCREJ card. No more than 40 
specification cards may appear in a 
single DCOPT or DMOPT subdeck. 
For accept by tracker types, when the ALLX 
option is used, all stations with the same 
tracker type are used. For example, if ALL3 is 
input all stations with the last character of 
" 3 "  or "A" will be used since their tracker 
types (5) are identical. 

TDRS ID = SIC - 1299, where SIC = Support 
Identification Code (The TDRS ID should be the 
actual number contained in the 60-byte 
observation data for the forward link or the 
return link.) 
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ABBB**** 
A c c e p t  Speci.f: i c a t i o n  

Card 
(DMOPT , DCOPT 1 

4 .  Up t o  th ree  c o m b i n a t i o n s  iiidy bo s p e c i f i e d  i n  
columns 18-38.  A s i n g l e  coinhi n a t i o n  i's gi veri 
as  TTMR.0. two c o m b i n a t i o n s  as TTMK'L"rMK.0, and 
th ree  c o m b i n a t i o n s  a:; TTMKT'I'MHTTMK.0. K a c h  
combina1.i o n  must be r(:pr-o:iented by f o u r  
d i g i t s .  If t h e  Lype is a s i n g l e  d i g i t ,  i t  
i i i i i s t  b e  p receded  by d z e r o .  T f  t y p e ,  tnode, or 
r a t e  e d i t i n g  is  n o t  t o  be pe r fo rmed .  t h e  
a p p r o p r i a t e  p o s i t i o n  s h o u l d  be f i l l e d  by a 
z e r o .  

5 .  I f  the s t a r t  time is  e q u a l  t o  t h e  e n d  t i m e ,  
a l l  o t h e r  i n f o r m a t i o n  on t h i s  c a r d  w i l l  be 
i g n o r e d .  The e d i t i n g  w i l l  be  t r e a t e d  a s  a 
s i n g l e  p o i n t  e d i t ,  and a l l  o b s e r v a t i o n s  w h i c h  
o c c u r  a t  t h e  s i n g l e  p o i n t  e d i t  time, 
r e g a r d l e s s  of t r a c k e r  t y p e ,  w i l l  be  d e l e t e d .  

149 

6 .  I f  f r e q u e n c y  f o r  t h e  Accept  i s  by time ( e v e r y  
N t h  s e c o n d ) .  t h e n  s e t  t h i s  f i e l d  (co lumns  1 2  
t h r o u g h  14) t o  -99 and f o l . 1 0 ~  w i t h  a 
'SAMPLRTE' keyword c a r d .  . 
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Table 4 - L .  T r a c k i n g  Systgm Assoc ia ted  W i t h  t h e  Last 
C h a  r dc t e r of T r a L' k e  r R c  r: 0 nyms 

( T h e  f i r s t  two c h a r a c t e r s  of the T r a c k e r  
Acronym Are N o t  IaDS1i )  

VALUE OF X 
(LAST CHARACTER OF 
TRACKER ACRONYM) 

V 

M 

T, 0, F 

G 

3 

8 

A 

x, Y, z 
R 

81 

D 

S 

L 

C 

E, 4 

K 

J1 

6 

. TRACKING SYSTEM 

GRARR-VHF 

MINITRACK 

C-BAND 

GRARR S-BAND 

USB MARK I OR SRE, N-S KEYHOLE 
(30-FOOT DISH) 

USB MARK I OR SRE, E-W KEYHOLE 
(85-FOOT DISH) 

USB MARK I OR SRE, E-W KEYHOLE 
(30-FOOT DISH) 

SRE-VHF 

ATSR 

ATSR GROUND TRANSPONDER 

DSN 

SR, N-S KEYHOLE (1 4-FOOT TWIN 
DISH) 

LASER 

OPTICAL 

X-Y PARABOLIC 

TDRSS 

TDRSS GROUND TRANSPONDER 

V&C 

B AND J ARE NOT USED FOR DATA SELECTION. 

TRACK1 NG 
SYSTEM 
NUMBER 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

149 
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I VALUE OF X I 1 TRACKING 1 

OTHERWISE 

(LAST CHARACTER OF TRACKING SYSTEM SYSTEM I TRACKER ACRONYM) 1 NUMBEF, I 
I 

. 
CF 
Oi 
7 

DSN MARK IVA 10 
7 

I f I DSN 26-METER USE 

7 1 DSN 9-METER U S i  i 
r . -  , -  . -  I 

1 4 9  
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rp 
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m 

m 

h 
0 
Y 

0 
a 
C 
W 

al a 
0 .s 
JJ 
C 
al 

d 

d 

d 
3 
F w 

. 
m 
I * 
al 
r )  

P 
e m 

a 
C 
7 

< 

f 

b 
5 
2 

- 
N < a 
rr' < a - - -  

O N  

r f  t 

O r  n o  t rn - 0  

a a  p 
n Y' Y 
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ACCREJ 
(DMOPT, DCOPT) 

ACCREJ 

0 Card format (A8, 313, 3G21.14) 

0 Applicable programs: DC, DATAMGT 

0 Detailed format: 

Columns Format Description 

1-8 A0 ACCREJ--keyword t o  activate the edit 

9-11 I3 
capability 
The total number of edit specification 
keyword cards (Alll**** and 
Dbbb****) t o  follow the ACCREJ key- 
word card 
Blank 12-80 
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APOFOCAL 
(OGOPT) 

APOFOCAL 

0 Card format: ( A 8 ,  313, 3621.14) . 
0 Applicable programs: Ephemeris Generation (EPHEM), DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 APOFOCAL--keyword to set the sectioning 
indicator for crossing at the apofocal 
point 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 

G21.14 Apofocal crossing indicator for 
, Section I 

. 39-59 G21-14 Apofocal crossing indicator for 
Section J 

6 0 - 8 0  G21- 14 Apofocal crossinq indicator for 
Section K 

18-38 

Unless an APOFOCAL keyword card is included in the input 
deck, sectioning will not occur at the apofocal point. If 
an APOFOCAL card is included, the apofocal crossing indica- 
tors are interpreted in the following fashion-. 

= 1.0, section change at apofocal point (default) 

= 2-0, do not change section at apofocal point 
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ATMOSDEN 
(OGOPT) 

ATMOSDEN 

0 Card format: (AB, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 

9-11 

12-14 

15-17 

18-38 
39-59 

60-80 

A8 ATMOSDEN--keyword for reading an entire 
atmospheric density table in the GTDS 
or the DODS format and specifying the 

. density model 
I3 Density table entry number (0, 1, 

2,  ..., 60): 0 indicates no density 
Cable 

I3 For the Hartis-Priester atmospheric 
density model. the atmospheric density 
table in the DODS format (punch any in- 
teger value: see Note) 
For the Jacchia-Roberts model, print 
the working file report: 
= 1, yes 
= 2, no (default) 

I3 Atmospheric density model: 
a 1, Jacchia-Roberts 
= 2, Harris-Priester (default) 

. G21.14 Height (kilometers) 
G21.14 Minimum density at height (kilograms per 

G21.14 Maximum density at height (kilograms per 
,, ki lome t er ) 

kilometer ) 

This keyword has two purposes: to specify the,density model 
and to supply a density table for the Harris-Priester den- 
sity model, thereby overriding the default atmospheric 
density table. The Jacchia-Roberts density model is 
specified by entering a value of 1 in the third integ.er 
field of the ATMOSDEN keyword card. Since the 
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ATMOSDEN 
(OGOPT) 

Jacchia-Roberts model does not use an atmospheric density 
table, no additional data are needed on the card. 

When using the Harris-Priester atmosp.heric density model, 
multiple ATMOSDEN keyword cards must be supplied. Each card 
sgecifies a row of the Harris-Priestek d'ensity table, which 
has a maximum of 60 rows. The DODS units for minimum and 
maximum densities (grams per kilometer ) are converted in- 
ternally to kilograms per kilometer . 

3 

3 

NOTE: Density table input in the DODS format is specified 
with any punch in this field. The formats are given 
on the following pages. The first card in the DODS 
deck specifies the number of density data cards, to a 
maximum of 60 cards. 
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ATMOSEDT 
(DCOPT) 

ATMOSEDT 

0 Card format: (AB,  313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 ATMOSEDT - Keyword to set the atmos- 

9-11 I3 Atmospheric editing switch 
pheric editing switch and limits 

= 0, edit (default) 
C 0, do no t  edit 

12-17 Blank 
18--38 G21-14 Minimum ray path height to be accepted 

39-59 G21-14 Maximum central angle to be accepted 

60-80 Blank 

(kilometers) (500 kilometers default) 

(degrees) (70 degrees default) 

Atmospheric editing is available f o r  TDRSS and ATSR SST 
tracking data only. 
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ATMOS RPT 
(PFROPT) 

ATMOSRPT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: Permanent Fi.le Report Generation 
(FILERPT), EPHEM 

0 Detailed format: 

Columns Format Des c r i D t ion 

I3 

I3 

1-8 A8 ATMOSRPT--keyword to specify a report 

9-11 13 Type of file: 
of the Atmospheric Density Models File 

= 1, Harris-Priester 
= 2, Jacchia-Roberts 
Summary report: 
= 0, no 
= 1, yes 

12-14 

15-17 

18-80 

Specific model rebports: 
= 0, no 
= n, (1 L n 1. 10) implies print 

model number n (See Appendix D, 
Item E, for specific model 
numbers.) 

= 10, print all 1.0 models 
Blank 

Two ATMOSRPT cards are allowed per PFR.OPT subdeck. 
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ATTANGl 0 
( OGOPT ) 

ATTANG1 

0 Card format: (A8, 313, 3~21.14) 

0 Applicable programs: EPHEM, DC, Data Simulation 
( DATAS IM ) 

0 Detailed format: 

Columns Format Description 

1-8 A8 ATTANGl--keyword to set coefficients of 
a function what describes right ascen- 
sion or yaw angle of the spin axis. 
The function can be a polynomial or 
polynomial with trigonometric terms 
(see Note 1). 
Number of coefficients describing the 
function . 

9-11 I3 

12-14 

15-17 . I3 
Flight Section I (optional) 
Right ascension/yaw angle switch ( s e e  
Note 2): 
= I, tight ascension coefficients 
= 2. yaw angle coefficients 

18-38 G21.14 Coefficient of constant term (C1) 
39-59 G21.14 Coefficient of first-order term (Cz) 
60-80  G21.14 Coefficient of second order or ampli- 

tude of sinusoid (C3) 

For a polynomial with order greater than 2, or to specify 
further trigonometric coefficients, a second ATTANGl keyword 
card containing the remaining coefficients must be provided. 
The coefficient of a third-order term or angular frequency 
(C,) is entered in the first real field in columns 18 
through 38. The coefficient of a fourth-order term or phase 
(C,) is entered in the second real field in columns 39 
through 5 9 -  Columns 1 through 17 and 60 through 80 remain 
blank. 
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ATTANGl 
(OGOPT) 

If ATTANGl and ATTANGZ keyword cards are used to specify the 
thrust axis, they should be input as follows: 

1. If the thrust axis direction remains constant, use 
the right ascension and declination options on the 
ATTANGl and ATTANGZ keyword cards and enter only 
the constant term coefficients (C ) for right 
ascension and declination. \ 

1 

2. If the thrust axis direction changes in the iner- 
tial frame, use the right ascension and declination 
options on the ATTANGl and ATTANG2 keyword cards 
and enter the C1 constant coefficients plus 
whatever Cn (n > 1) coefficients are necessary 
to describe the change in thrust axis orientation 
with respect to the inertial frame. This option is 
especially useful for a satellite whose thrust axis 
is directed along the spin axis. 

3. If the thrust axis is directed along the satellite 
velocity vector, use the yaw and pitch options on 
the ATTANGl and ATTANG2 keyword cards and leave all 
other fields on the keyword card blank, This op- 
tion is especially useful f o r  three-axis-stabilized 
spacecraft. 

4. If the thrust axis is directed at a constant angle. 
with respect to the velocity vector, use the yaw 
and pitch options on the ATTANGl and ATTANG2 key- 
word cards and enter the constant coefficients 

( C , )  to describe the angle with respect to the 
velocity vector along which t:he thrust axis is di- 
rected. This option is probably most useful f o r  
thrust directed antiparallel to the velocity vec- 
tor (C1 = 180 degrees). 
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ATTANG 1 
(OGOPT) 

5. If the thrust axis direction changes in reference 
to orbital frame, use the yaw and pitch options on 
the ATTANGl and ATTANG2 keyword cards and enter the 
C1 constant coefficients plus whatever C 
(n>L) coefficients are necessary to describe the 

the orbital frame. 

n 

- change in thrust axis orientation with respect to 

NOTES: 1. The polynomial is of the form 

a c1 + C 2 t  + Cjt 2 + C4t 3 + C5t 4 

The polynomial function with trigonometric terms 
is of the form 

= + C t  
2 

+ C3sin(C t 
4 + CS) 

Its value is in degrees and the value of t is in 
seconds. When modeling the attitude in the 
force model, the first equation is always 
imp 1 ied . 
If this card is used to model landmark (spin- 
ning) data, the second equation is implied. If 
this card is used to model landmark (three- 
axis) data, the function is specified on the 
ATTANG3 card. 

2. If this card is being used t o  model landmark 
(spinning) data or attitude sensor data, the 
right ascension is assumed to be input. If this 
card is being used to process landmark (three- 
axis) data, the yaw angle is assumed to be 
defined with respect to a geocentric frame. For 
modeling the attitude in the force model, the 
user has a choice of right ascension or yaw. 

1 4 9  
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ATTANG2 
(OGOPT) 

ATTANG2 

a Card format: (A8, 313, 3621.14) 

Applicable programs: EPHEM, DC, DATASIM 

a Detailed format: 

Columns Format Description 

1-8 A8 ATTANG2--keyword to set coefficients of 
a function which describes the declina- 
tion or pitch angle of the spin axis. 
The function can be a polynomial or a 
polynomial with trigonometric terms 
(see Note 1) 

function 
9-11 13- Number of coefficients describing the 

12-14 Flight Section I (optional) 
15-17 I3 Declination/pitch angle switch (see 

Note 2): 
= 1, declination coefficients 
= 2, pitch angle coefficients 

18-38 G21.14 Coefficient of constant term (bl) 
39-59 G21.14 Coefficient of first-order term (b2) 
60-80 G21.14 Coefficient of second-order term or 

amplitude of sinusoid (b3) 

For a polynomial of order greater than 2. or t o  s p e c i f y  

further trigonometric coefficients, a second card containing 
the remaining coefficients must be provided. The coeffi- 
cient of a third-order term or angular frequency ( b  ) is 

'entered in the first real field in columns 18 through 38. 

4 

4 

The coefficient of a fourth-order term or phase (b5) is 
entered in the second real field in columns 39 through 59. 
Columns 1 through 17 and 60 through 80 remain blank. 
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ATTANG2 
(OGOPT) 

If ATTANGl and ATTANG2 keyword cards are used to specify the 
thrust 

1. 

2. 

3 .  

4 

4 .  

axis, they should be input as follows: 

If the thrust axis direction remains'constant, use 
the right ascension and declination options on the 
ATTANGl and ATTANG2 keyword cards and enter only 
the constant term coefficients (bl) f0r.righ.t 
ascension and declination- 

If the thrust axis direction changes in reference 
to the inertial frame, use the right ascension and 
declination options.on the ATTANGl and ATTANG2 key- 
word cards and enter the bl constant coefficients 
p l u s  whatever bn (n > 1) coefficients are nec- 
essary to describe the change in thrust axis orien- 
tation with respect to the inertial frame- This 
option is especially useful for a satellite whose 
thrust axis is directed along the spin axis. 

If the thrust axis is directed along the satellite 
velocity vector, use the yaw and pitch options on 
the ATTANG1 and ATTANG2 keyword cards and leave all 
other fields on the keyword card blank- This op- 
tion is especially useful for three-axis-stabilized 
spacecraft. 

If the thrust axis is directed at a constant angle 
with respect to the velocity vector, use the yaw 
and pitch options on the ATTANGl and ATTANG2 key- 
word cards and enter the constant coefficients 
(bl) to describe the angle with respect t o  the 
velocity vector along which the thrust axis is d i -  
rected. This option is probably most useful for 
thrust directed antiparallel to the velocity vec- 
tor (bl = 180 degrees). 
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ATTANG2 
(OGOPT) 

5. If the thrust axis direction changes in reference 
to orbital frame, use the yaw and pitch options on 
the ATTANGl and ATTANGZ keywolrd cards and enter the 
bl constant coefficients plus whatever b 
coefficients are necessary tal describe the change 
in thrust axis orientation with respect to the 
orbital frame. 

( n > l )  n 

NOTES: 1. The polynomial is of the form 

2 3 4 b + b t + bjt + b4t +b5t 1 2 

2 .  

The polynomial function with trigonometric terms 
is of the form 

= bl + b t +  2 b sin(b4t + 
3 b5 

Its value is in degrees and the value of t is in 
seconds. When modeling the attitude in the 
force model, the first equation is always im- 
plied. 
If this card is used to model landmark ( s p i n -  
ning) data, the second equation is implied. 
If this card is used to model landmark (three- 
axis) data, the funtion is specified on the 
ATTANG3 card. 

If this card is being used to model landmark 
(spinning) data or attitude sensor data, the 
right ascension is assumed to be'input. If 
this card is being used to process landmark 
(three-axis) data, the yaw angle is assumed to 
be defined with respect to a geocentric frame. 
For  modeling the attitude in the force model, 
the user has a choice of right ascension or yaw. 
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ATTANG3 

0 Card format: (AO, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format 

1-8 A0 

9-11 I 3  

12-14 
15-17 I3 

18-38 G21.14 
39-59 G21.14 
6 0 - 8 0  G2l. 14 

ATTANG3 
(OGOPT) 

DescriDtion 

ATTANG3--keyword to set coefficients of 
a function which describes the roll 
angle- The function can be a polyno- 
mial or polynomial with trigonometric 
terms (see Note). 
Number of coefficients 
Blank 
Polynomial/polynomial-with-trigonometric- 
terms switch for modeling landmark 
(three-axis) data: 
= 1, use polynomial model 
= 2, use polynomial-with-trigonometric- 

This applies t o  all three attitude 
angles: roll, pitch, and yaw. 
Coefficient of constant term ( d l )  
Coefficient of first-order term (d2) 

Coefficient of second-order term or 
amplitude of sinusoid (d3) 

terms model 

149 
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ATTANG3 
(OGOPT) 

For d polynomial of order greater than 2, or to specify 
flirther trigonometric coefficients, a second card containing 
the remaining coefficients must be pro'vided. The coeffi- 
cient of a third-order term or angular frequency (d4) is 
entered in the first real field in columns 18 through 38. 
The coefficient of a fourth-order term or phase (d ) is 
entered in the second real field in columns 39 through 5 9 .  

Columns 1 through 17 and 6 0  through 80 remain blank. 

5 

NOTE: The polynomial is of the form 

2 3 4 + d4t + d5t R = dl + d t + d3t 2 

The polynomial function with trigonometric terms is 
of the form 

+ d t + d sin(d + ds) 2 3 4 R = dl 

149 
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ATTPAR 
(OGOPT) 

ATTPAR 

0 Card format: (AB, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 ATTPAR--keyword t o  specify number of 
attitude coefficients to be solved for 

9-11 I3 Total number of right ascension (or yaw) 
polynomial coefficients t o  be solved for 
(Corresponding partial derivatives for 
these parameters are computed.) 

12-14 13 

15-17 I3 

18-00 

Total number of declination (or pitch) 
polynomial coefficients to be solved for 
(Corresponding partial derivatives for 
these parameters are computed.) 
Total number of roll polynomial coeffi- 
cients to be solved for 
(Cotresponding partial derivatives for 
these parameters, which are used only 
with landmark data from an Earth- 
stabilized satellite, are computed.) 
Blank 

In an EPHEM Program run; only the computation of the right 
ascension and declination partial derivatives can be speci- 
fied. When ATTPAR is used to solve for the attitude in the 
thrust force model, only the right ascension and declination 
coefficients can be solved for. 

When right ascension or declination partial derivatives are 
to be computed in a thrust run, the user must specify some 
nonzero value of thrust acceleration via the THRSTCOF key- 
word: otherwise, all partial derivatives will be zero. 
A l s o ,  when right ascension and/or declination are to be 
solved for in a DC Program run, only one flight section 
covering the entire obseryation timespan is allowed. 

149 
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AUTOFORC 
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AUTOFORC 

0 Card format: (A8, 313, 3621-14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format’: 

Columns Format Dles cr i o t ion 

1-8 A8 AUTOFORC--keyword that allows for in- 

9-11 I3 = 1, include resonance potentials 
clusion of resonance potentials 

= 2, do not include resonance potentials 
(default ) 

12-80 Blank 
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AVERAGE 
(OGOPT) 

AVERAGE 

0 Card format: (A8,  313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed farmat: 

Columns Format Descriotion 

1-8 A0 AVERAGE--keyword to set Variation of 
Parameters (VOP) numerical averaging 

9-11 I3 = 1, compute an individual quadrature 
for drag 

rature for  drag (default) 
= 2, do not compute an individual quad- 

12-14 I3 = 1, compute an individual quadrature 
for  solar radiation pressure - 2. do not'compute an individual quad- 
tatur-e f o r  solar radiation pressure 
(default) 

15-17 Blank 
18-38 G21-14 Quadrature order for continuous pertur- 

bations (see Note) 
39-59 G21- 14 Quadrature order for drag (see Note) 
6 0 - 8 0  G21.14 Quadrature order f o r  solar radiation 

pressure (see Note) 

NOTE: Acceptable quadrature order values are 6, 9, 12, 16, 
and 24, The default value is 24. 
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BDROTATE 
(OGOPT) 

BDROTATE 

0 Card format: (A8, 313, 3G21 .14)  

0 Applicable programs: EPHEM, DC, DATASIM 

0 Detailed format: 

Columns Format Description 

1-8  A8 BDROTATE--keyword to set body rotation 

9 - 1 1  I3 Index of  body I (see Note) 
12-14  I3 Index of body J (see Note) 
15-17  I3 Index of body K (see Note) 
18-38  G21.14  Rotation rate of body I (degrees per 

second) 
39-59  G21.14  Rotation rate of body J (degrees per 

second) 
60-80  G21.14  Rotation rate of body K (degrees per 

second) 

rates 

The valid body indexes are 

1 = Earth 
2 = Moon 
3 = Sun 
4 I Mars 

5 = Jupiter 
6 = Saturn 
7 = Uranus 
8 = Neptune 

9 f Pluto 
10 = Mercury 
11 = Venus 

- NOTE: A zero index is ignored. The maximum index is 11- 
Use multiple BDROTATE cards for more than three 
bodies. 

1 4 9  
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BODYRAD 

0 Card format: (A8 ,  313, 3G21.14) 

a BODYRAD 
(OGOPT) 

0 Applicable programs: EPHEM, DC, DATASIM 

0 Detailed format: \ 

Columns Format Description 

1-8 A8 BODYRAD--keyword to set equatorial 

9-11 I3 Index of body I (see Note) 
12-14 13 Index of body 3 (see Note) 
15-17 I3 Index of body K (see Note) 
18-38 G21-14 Mean equatorial radius of body I 

(kilometers) 
39-59 G21- 14 Mean equatorial radius of body J 

(kilometers) 
60-80 G21-14 Mean equatorial radius of body K 

(kilometers) 

radii.for specified body 

The valid body indexes are 

1 = Earth 5 = Jupiter 9 = Pluto 
2 = Moon 6 = Saturn 10 = Mercury 
3 = Sun 7 = Uranus 11 = Venus 
4 = Mars 8 = Neptune 

NOTE: A zero index is ignored, The maximum index is 11, 
Use multiple BODYRAD cards for more than three bodies. 
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BURNFSF 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: EPHEM 

0 Detailed format: 

Columns Format Description 

1-8 A8 BURNFSF--keyword to set the option of 
orbit propagation through burns using 
information from the FSF 

1 = use information from FSF 
2 = do not use information from FSF 

9-11 I3 FSF option: 

(default ) 
12-80 . -- Blank 

NOTES: 1. Using option 1 in this keyword card will cause . 
information provided by all other OGOPT key- 
word cards to be overridden by that of the FSF. 

section parameters related to this satellite 
specified in FSF have been entered or updated by 
THMODEL Program ( f o r  thrust coefficients) and by 
user via UI panels (for all other information). 

2. Before using option 1, be sure that all flight 
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The valid body indexes are 

CBODY 

0 Card format: (A8 ,  313, 3621-14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A0 CBODY--keyword to set the integration 
central body by flight section (see 
Note 1) 

9-11 I3 Flight section I (see Note 2) 
12-14 I3 Flight section J (see Note 2) 
15-17 I3 Flight section K (see Note 2) 
18-38 G21-14 Body number for section I 
39-59 621.14 Body number for section J 
60-80 621.14 Body number for section K 

1 = Earth 5 = Jupiter 9 = P l u t o  
2 = Moon 
3 = Sun 
4 = Mars 

6 = Saturn 10 = Mercury 
7 = Uranus 11 = Venus 
8 = Neptune 

NOTES: 1, Potential field data for both the Earth and the 
Moon must be included via POTFIELD keyword cards 
whenever this keyword card is used. 

2. The maximum number of flight sections is 10. 
Use multiple CBODY cards f o r  more than three 
sections. 
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CHWT**** 

0 Card  f o r m a t :  ( A 8 ,  313,  3G21.14) 

0 A p p l i c a t i o n  programs:  DC 

0 D e t a i l e d  f o r m a t :  

Columns Format  - -  -~ Descr  i o [ .  i on . -  

1- 8 A8 CHWT****--keyword t o  i r i p u t  n o i s e  s t a n d -  
a rd  d e v i d t i o n s  f o r  0b:;eKVdtions i n  
60 -by te  f o r m a t  when t h e  SOR is 
r e q u e s t e d ,  or  t o  i n p u t  n o i s e  s t a n d a r d  
d e v i a t i o n s  f o r  o b s e r v a t i o n s  t r a c k i n g  a 
p a r t i c u l a r  grourid 1.r-ansponder fo r  b o t h  
SOR and non-SOR r u n s .  A maximum of 
15 c a r d s  is a l l o w e d .  The  a s t e r i s k s  
r e p r e s e n t  t h e  acronym of a s t a t i o n  f o r  
which  t h e  i n p u t  n o i  :;e s t a n d a r d  
d e v i a t i o n s  w i l l  a p p l y .  I f  no s t a t i o n  
acronym is s p e c i f i e d .  t h e  i n p u t  n o i s e  
s t a n d a r d  d e v i a t i o n  w i l l  a p p l y  t o  a l l  
s t a t i o n s .  (See Note  1.)  

9-11 

12- 14 

15-17 

I3 

1 3  

I 3  

O b s e r v a t i o n  t y p e  number (see Appen- 
d i x  A ,  T a b l e  A - 2 ) .  w i t h  t h e  f o l l o w i n g  
e x c e p t i o n s :  
= 11, XY p a r a b o l i c  X 8 5  
= 12. XY p a r a b o l i c  Y85 

= 4 2 .  ATSR s i d e t o n e  r a n g e  
T r a c k e r  t y p e  number (:;(?e T a b l e  4 - 1 ) .  
w i t h  t h e  f o l l o w i n g  e x c e p t i o n s :  
= 4 .  SRE X 1 4  and Y 1 4  
= 5, SRE X 3 0  and Y30; 

= 11. URAN and  URDF 

For t h e  equ ipmen t  mode i n d i c a t o r  ( a p -  
p l i e s  o n l y  t o  m i n i t r a c k  d a t a  and  ATSR 
r e l a y  d a t a ) :  
= 0. m i n i t r a c k  e q u a t o r i a l  mode 
= 1, m i n i  I r-clck p o l a r  node 
= 2, s a t e l l i t e  f l a g  a t  review ( P L L )  mode 
= 3 ,  s a t e l l i t e  c r y s t a l  mode 
= 4 ,  ground c r y s t a l  mode 
= 5, ground PLL mode 

= 17. SRE X 1 4  
= 18. SRE Y 1 4  

= 6.  SHE X 8 5  and  Y85 

4 - 3 5  
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CCiWT* * * * 1 

.5- 17 
Cont I d )  

F 
P 
c 
n 

(DMOPT) 

Columns - Format  -- -. Descrip1.i  o n  

' o r  t h e  f r e q u e n c y  band i n d i c a t o r :  ( a p -  
llies t o  TDRSS one-way o r  two-way 
ioppler  d a t a  f r o m  user: s p a c e c r a f t  b u t  
lot t o  u s e r  ground t r a n s p o n d e r s ) :  
1, S-band 
2 ,  K-band 

1 8 - 3 8  

For  thc? m u l l .  i p l e  ac(:(?:;s i n d i c a t o r  
( a p p l i e s  t o  TDRSS beam a n g l e s ) :  
= 1. s i n g l e  access ( o r  u n d e f i n e d )  
= 2, l u i r l t i p l e  access 

TDRSS ground t r a n s p o n d e r  i n d e x  ( i f  
o b s e r v a t i o n  t y p e  i n  column 11 i s  8 2 ,  
8 3 .  8 8 ,  8 9 ,  9 0 .  9 1 )  
= 0 ,  means a l l  g round t r a n s p o n d e r s  

For  ATSR r d a g e - r a t e  dd1.a ( s i d e t o n e ,  
c o h e r e n t ,  and  ground r e l a y  mode):  
= 0 ,  d a t a  r a t e  d o e s  n o t  e q u a l  si 'x 

obse rva t .  i oris per  m i n u t e  
= 4 ,  d a t a  r a t ( ?  e q u a l s  s i x  o b s e r v a t i o n s  

p e r  minu te  

G 2 1 . 1 4  Data r a t e  i n d i c a t o r :  

4D 
For o t h e r  ATSR d a t a  Lypes: 
= 0. f o r  a l l  d a t a  types 

For  TDRSS Doppler  d a t a  ( t w o -  way,  
h y b r i d ,  d i f f e r e n c e d  one-way Doppler  
f rom ground t r a n s p o n d e r  b u t  n o t  u s e r  
s p a c e c r a f t )  : 
= 1, f o r  d a t a  r a t e s  g r e a t e r  t h a n  o b s e r -  

v a t i o n s  p e r  minu te  ( A t  less t h a n  
1 . 5  s e c o n d s  p e r  o b s e r v a t i o n )  

= 2. f o r  d a t a  r a t e s  less t h a n  or equal  
t o  4.0 o b s e r v a t i o n s  p e r  minu te  b u t  
g r e a t e r  t h a n  9 . 2 3  o b s e r v a t i o n s  pe r  
m i n u t e  ( A t  g r e a t e r  t h a n  o r  
e q u a l  t o  1 .5  s e c o n d s  b u t  less  t h a n  
6 .  5 :;(?(:orids p e r  oh : ; e rva t  i o n )  

= 3 ,  f o r  d d t a  r a t e s  less t h a n  o r  e q u a l  
t o  9 . 2 3  o b s e r v a t i o n s  p e r  m i n u t e  
( A t  g r e a t e r  t h a n  o r  e q u a l  t o  
6 . 5  s e c o n d s  pe r  o b s e r v a t i o n )  

For o t h e r  T D R S S  data  t y p e s ,  
= 0 ,  € o r  a l l  d a t a  r a t e s  

149  
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CHWT* * * * 
(DMOPT) 

Columns Format Description 

39-59 Blank 
60-80 G21.14 Noise standard deviation--units used 

are meters for range, centimeters per 
second for range rate, hertz for ATSR 
coherent and relay range rate, seconds 
of arc for angles, and cosine values 
for minitrack angles (see Appendix A, 
Table A - 4 )  

NOTES: 1. The CHWT card is ignored if SOR is not requested 
unless uses inputs noise standard deviations for 
a particular ground transponder. If no SOR is 
requested, GTDS ignores the station acronym 
input by the user; consequently the user should 
take care to avoid using conflicting CHWT 
keyword cards. 

For ground transponder noise standard deviation 
override, 15 must be placed in columns 13 
through 14. 

2. Use of the station acronym or ground transponder 
index number on this keyword card may result in 
the formation of one additional SOR category 
than would otherwise be flormed, for each such 
keyword card present in the input deck. Also, 
SOR categories thus formed cannot be mixed with 
other SOR categories using the MIXPAIR keyword 
card. 

149 
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CMCORR 

e 
CMCORR 
(DCOPT) 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format . Descri~tion 

1-8 A8 CMCORR--keyword t o  set antenna offsets 

9-11 I3 Station Typel:. 

from spacecraft center of mass 

= 15, TDRSS 
= 17, SGLS 

12-14 13 Blank 
15-17 I3 Blank 
18-38 G21.14 x-component of the antenna offset 

39-59 G21.14 y-component of the antenna offset 

60-80 G21.14 z-component of the antenna offset 

(meters)2 

( met et s 2 

(meters)z 

NOTES: 1. One card is required for each station type 
2. Offsets are expressed in the following O r b i t  

Plane coordinate frame: 
xop-axis = Radius vector from center of Earth 

yop-axis = In the orbital plane, 90 degrees 
to the spacecraft 

ahead of the spacecraft in the 
sense of the motion 

momentum vector, r x r 
zop-axis = Direction along the angular 
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CMPEPHEM 
(COMPOPT) 

CMPEPHEM 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: Ephemeris Comparison (COMPARE) 

0 Detailed format: 

Columns Format Description . 

1-8 A8 CMPEPHEM--keyword to specify the COMPARE 

9-11 13 output options: 
Program parameters 

= 1, position differences 
3 2, position and velocity differences 
= 3, world map 

12-14 I3 Primary input file type--input a packed 
word IJK where 
I is the file type indicator: 
= -, two ORBIT File levels with the 

= 0, ORBIT File 
= 1, ORB1 File 
= 2, EPHEM File 
J is the level indicator for the ORBIT 
File: 
= 0 ,  sequential 
= 1 to 9, ORBIT Pile level 
K is the partial derivative switch for 
the ORBIT File: 
= 1, with partial derivatives 
= 2, without partial derivatives 

the same as the primary file) 

(yymmddhhmmss-ssss) 

(yymmddhhmmss-ssss) 

Note) 

same FRN 

15-17 I3 Secondary input Eile type (specified 

18-38 G21.14 Start time of thle comparison 

39-59 G21.14 End time of the comparison 

60-80 G21.14 Comparison interval in seconds (see 

NOTE: For the ORBIT File, if no value is specified f o r  the 
comparison interval, the program sets the cornparison 
interval to 60 seconds. 

4-39 
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CMPEPHEM 
(COMPOPT) 

For EPHEM or ORB1 Files, if no value is specified for 
the comparison interval, the comparison interval is 
computed as the smallest existing interval between 
points common to both files (e-go, for two files 
generated with 6-second and 9-second intervals, the 
comparison interval would be 18 seconds). A user- 
supplied interval can be greater than OK equal to 
1 second but must be exactly compatible with the 
intervals on both input files. 

4 - 4 0  
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CMPFILES 
(COMPOPT) 

CMPFILES 

0 Card format: (A8, 313, 3G21-14) 

0 Applicable programs: COMPARE 

0 Detailed format: 

Columns Format Description 

1-8 A8 CMPFILES--keyword to select FORTRAN 
unit number of two EPHEN Files to be 
compared 

81, 83, 85, 87 (default = 24) 

81, 83, 85, 87 (default = 81) 

9-11 I3 EPHEM File unit number, options are 24, 

12-14 I3 EPHEM File UNIT number, options are 24, 

15-17 I3 Variable-stepsizt! EPHEM Comparison 
Switch 
= 1, Compare at matched times 
= 2 ,  Compare at constant stepsize 
= 3, Compare at interpolated times 
Blanks 18-80 

4-41 
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CMPPLOT m 
(COMPOPT) 

CMPPLOT 

0 Card format: (A8 ,  313, 3G21.14) 

0 Applicable programs: COMPARE 

0 Detailed format: 

Columns Format Descriotion 

1-8 A8 CMPPLOT--keyword which sets the COMPARE 
Program printer plot options (see 
Note 1) 

9-11 I3 Sum of desired plot types (see Note 2) 
12-17 Blank 
18-38 G21.14 Minimum ordinate (y) scale value for 

plots with unit specified in col- 
umns 60 through 80 (see Note 3 )  

plots with unit specified in col- 
umns 60 through 80 (see Note 3 ) .  

60-80  G21.14 Units f o r  y scale (see Note 4): 
= 1.0, kilometers or kilometers per 

= 2.0, meters or meters per second 
= 3.0, centimeters or centimeters per 

39-59 G21. 14 Maximum ordinate (y) scale value for 

second 

second 

NOTES: 1. The following JCL cards are required when printer 
plots are requested: 
//GO.FT42F001 DD DSNISSPLOT, 
/ /  UNIT=3350,DISP=(,PASS),SPACE=(CIL,(S,l),RLSE) 
/ /  DCB=(RECFM=VBS,LRECL=136,BLKSIZE=5308, 
/ /  BUFNO=l) 

2. Available plot types and their codes: 
Track-oriented position differences = 1 
Track-oriented velocity differences = 2 
Cartesian position differences = 4 
Cartesian velocity differences = 8 

Any combination of these plots may be obtained 
by requesting the sum of the desired codes 
(i-e., track-oriented position differences + 
track-oriented velocity differences = 3 ) .  

4 - 4 2  
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CMPPLOT 
( COMPOPT ) 

3 .  These scale values will be applied to all plots- 
If the fields are blank, each plotted variable 
will automatically be scaled to its own range. 

columns 18 through 38 or 39 through 59 are 
nonzero. 

4 .  The y-scale units must be specified Whenever 
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0 CMPTITLE 
(COMPOPT) 

CMPTITLE 

0 Card format: (A8 ,  313, 3G2l-14) 

0 .  Applicable programs: COMPARE 

0 Detailed format: 

Columns Format Description 

1-0 A8 CMPTITLE--keyword to specify the number 
of title cards f o r  COMPARE Program 
printer plots 

follow this card (must be 1, 2, o r  3: 
default = 3) 

9-11 13 Number of title cards to immediately 

12-80 Blank 

The CMPTITLE card indicates that  the next one, two, or three 
cards are to be treated as user titles for the COMPARE 
printer plots. If the input number of title cards is less 
than 1 or greater than 3, a default value of 3 is assigned 
and a warning message is printed. 

If a card having the characters "END" in columns 1 through'3 
is encountered, it is treated as an end-of-subdeck card. 
The next card is treated as a keyword card. 

The title cards are read in 7 A 8  format. All three title 
cards will be reproduced below each chart. 

4-44 
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CNM 
(OGOPT) 

CNM 

0 Card format: (AB, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC, IEARLYORB, ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 A8 CNM--keyword that sets Cn,m harmonic 

9-11 I3 Harmonic options: 
coefficient opt ions and values 

= 1, compute partial derivatives of 
state with respect to a specified 
harmonic using the default value 

compute partial derivatives instead 
of the default value 

stead of the default value 

= 2, use the.value in columns 18-38 and 

= 3, use the value in columns 18-38 in- 

12-14 I3 N coefficient (maximum of 21) 
15-17 I3 M coefficient (maximum of 21) 
18-38 G21-14 Value of Cn,m 
39-59 G21.14 A priori standard deviation of Cn,m 
60-80 G21.14 Central body number of input harmonic 

coefficent: 
= 1.0, Earth 
= 2 . 0 ,  Moon 

In a DC Program run, the option to compute partial deriva- 
tives indicates that the harmonic coefficients will be 
solved for using either the default value or the input value 
as the a priori estimate and the priori standard deviation 
in columns 39 through 59. 

Keyword card CNM is also used to define individual Cn,m 
coefficients. To change an entire harmonic field, see the 
HARMONIC keyword card. To c0mpute.a partial derivative with 
respect to a specific C the specific harmonic 

Or S n . m *  n,m 

4-45 
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(OGOPT) 

coefficient must be used in the force model (see Reference 2, 
Section 4.3). 

4 - 4 6  
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COMPOPT 
(subdeck identifier) 

COMPOPT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: COMPARE 

0 Detailed format: 

Columns Format Desccipt ion 

1-8 A0 COMPOPT--keyword to indicate the begin- 

9-80 Blank 
ning of the COMPOPT subdeck 

The COMPOPT subdeck can contain the following optional key- 
words cards: 

CMPEPHEM 
CMPFILES 
CMPPLOT 
CMPTITLE 
EPHMERGE 
HISTPLOT 
HSTSCALE 

The COMPOPT subdeck must terminate with the END keyword card. 

4-47 
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CONSIDER 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: DC, ANALYSIS 

0 Detailed format: 

.,' CONSIDER 
(DCOPT) 

Co Lumns Format Descriution 

1-8 A8 CONSIDER--keyword to invoke the con- 
sider mode 

9-11 I3 Frequency at which the consider mode is 
used after the first consider iteration 
(default = 1) 

t h e  c o n s i d e r  mode (default = 0 )  
12-14 I3 The first-iteration in which to employ 

15-80 Blank 

When using the consider mode (i-e., using consider parame- 
ters), state variables are the only parameters which will be 
solved. All other variables listed as unknowns will be in- 
cluded a5 consider variables. 

149 
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CONSTRPT 
(PFROPT) 

CONSTRPT 

0 Card format: (A8, 313,'3G21.14) 

a Applicable programs: Permanent File Report Generation 
(FILERPT), EPHEM 

0 Detailed format: 

Columns Format Description 

1-8 A8 CONSTRPT--keyword to specify a report 

9-11 ' I3 Type of report: 
of the Astrodynamic Constants File 

= 0, summary 
= 1, partial 
= 2, full 

-12-14 I3 Number of bodies (see Appendix B): 
= 0, a l l  
> 0, body number 

15-17 I3 Model number (see Appendix D, Item C): 
= 0, all.models 
> 0, model number 

18-00 Blank 

This card may only be included once per PFROPT subdeck. 

4-49 
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CONTROL 
(mandatory) 

CONTROL 

0 Card format: (A8, 2X. AB, ZX, A8, lX, 11, 3 ( A 8 ,  2 X ) ,  
A8, 12, lX, 17) 

0 Applicable programs: EPHEM, DC, EARLYORB, DATASIM, 
ANALYSIS, COMPARE, DATAMGT, FILERPT 

0 Detailed format: 

Columns Format Description 

1-8 A8 CONTROL--keyword which in-itiates the 

9-10 Blank 
input processor 

11-18 A8 Identifies which of the followinQ pro- 
grams is to be run: 

EPHEM ANALY S I S 
DC COMPARE 
EARLYORB DATAMGT 
DATAS IM FILERPT 

The program identifier must be left 
justified (no default). 

19-20 

21-28 

2 9  

30 

31-38 

39-40 

Aa 

A8 

Blank 
Indicates DODS real-time observation 
handling ( n o t  supported). This field 
should be blank. 
Blank 
60-byte data base indicator for using 
old/new formatted data base. 
= blank, default (new format) 
= 1, old format 
Indicates whether or not input card 
images are t o  be printed: 
= blank (default), print all card images 
= NO-PRINT, print only erroneous 

Blank 
card images 

4-50 
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CONTROL 
(mandatory) 

Description 

4 1 - 4 8  A8 Indicates whether or not elements and 
epoch are to be passed through block 
COMMON from a previous program execu- 
tion: 
Blank (default) = not passed 
INPUT = pass initial values from pre- 

ceding program execution 
OUTPUT = pass final values from pre- 

ceding program execution 
TDROUTDC = pass final TDRS values 

The element source indicator must be 
left justified. If the output option 
is used (for EPHEM to EPHEM) and the 
elements being passed are in the 
true-of-date coordinate system, they 
will be input with a true-of-reference 
title. 

from preceding TDRSS DC 
program execution 

4 9 - 5 0  

5 1 - 5 8  

5 9 - 6 0  

6 1 - 6 8  

6 9 - 7 0  

7 1  

7 2 - 7 8  

Blank 
A8 Indicates whether or not.block COMMON 

values are to be restored to initial 
values: 
Blank (default) = do not restore 
Nonblank (any character) = restore 
Blank 

A0 

12 

17 

Specifies satellite alphanumeric name 
Controls system traceback error printout: 
Blank or zero (default) = default to 
OS control 
= -1, do not print any traceback error 

messages: do not terminate run for 
traceback error types 210 through 
300 

= nn (nn > 0), print any traceback error 
message nn times but do 
not terminate run 

Blank 
Indicates number b y  which satellite is 
identified, usually the seven-digit 
international designator. (If fewer 

4 - 5 1  
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CONTROL 
(mandatory) 

Columns Format Des cr i D t ion 

. 72-70 
( Con t d ) 

than seven digits are used, this number 
must be right justified.) This will be 
the user satellite number when the TDRSS 
processing capability is invoked. 

79-80 Blank \ 

The CONTROL card must be the first card in each program in- 
put deck. The COMMON restore option and the element source 
specification are mutually exclusive. 

4 - 5 2  
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RMS - RMS 22 
RMSB 

CONVERG 
(DCOPT) 

< c 

CONVERG 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC 

,o Detailed format: 

Co lumtis Format Description 

1-8 A8 CONVERG--keyword to set the DC iteration 

9-11 I3 Maximum number of iterations allowed 

control 

where n 0 (default = 15) 
= -1, compute residuals for first itera- 

tion only, no solve parameter com- 
putations will be performed (see 
following page) 

12-14 I3 

15-17 13 

Maximum number of consecutive diver- 
gent iterations allowed (default = 3) 
Indicator for how to process the DC Pro- 
gram if the product of the normal 
matrix and its inverse exceeds the 
tolerance: 
= 0, do not compute the eigenvalues and 

eigenvectors of the normal matrix: 
continue DC Program (default) 

= 1, compute the eigenvalues and eigen- 
vectors; continue DC Program 

= 2 ,  compute the eigenvalues and eigen- 
vectors: stop DC Program if one or 
more of the eigenvalues are less 
than O.5D-16 

18-38 G21.14 Iteration covergence criterion (see 

39-59 G21.14 Minimum RMS for DC termination 
Note: default = 1.OD-4) 

(default = 3.00-6) 

60-80 G21.14 Tolerance for the product of the normal 
matrix and its inverse (default = 1.ODO) 
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CONVERG 
(DCOPT) 

where RMS 

rms, and is the iteration convergence criterion. 
is the predicted rms, RMSB is the smallest P 

A secondary test €or DC termination is defined as 

RMSi RMSMIN 

where RMSMIN is the minimum RMS for DC termination. (See 
Section 3.2.1.17 €or a discussion of DC termination 
criteria.) 

A capability of the DC program is the 0-C run, which may be 
used €or analysis of  the observation data on the observation 
working file for a given DC run. After initialization, the 
first DC iteration is carried through orbit propagation and 
computation of the residuals. The DC process is then 
terminated and SOR processing is done if requested. A n  0-C 
run will be inieiated with a -1 in columns 9 through 11 on 
the CONVERG keyword card. 

The following are not allowed in an 0-C run: 

1. Solve parameters. If any dre requested, by keyword 
cards or by default, a message will appear before 
the Initial Conditions Report with the parameter 
and its reset value. 

2. DCOPT ACC/REJ card other than a "D" in column 1 and 
followed by either 79 blanks or the times covering 
the DMOPT data interval. If any other ACC/REJ cards 
are present, a message will be printed after the 
DCOPT keyword card images. 

3 .  SOR request other than for input vectoc o n l y .  If 
any other request is made, it is overridden t o  in- 
dicate "SOR on input vector o n l y , "  and a message 
will be printed befOKe the Initial Conditions 
Report. 

4 - 5 4  
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COVARNC 
(OGOPT) 

COVARNC 

0 Card format: (A8, 313, 3621.14) 

0 Applicable pK0gKamS: EPHEM, DC, ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 A8 COVARNC--keyword to set the upper 
triangle of the a priori state covari- 
ance matrix 

element I 

element J 

element K 

9-11 I3 Packed row-and-column integer for 

12-14’ 13 Packed row-and-col.umn integer for 

15-17 I3 Packed row-and-column integer for 

18-38 G21.14 Matrix element I 
39-59 G21.14 Matrix element J 
.60-80 G21.14 Matrix element K 

The packed row-and-column integer is given by multiplying 
10 by the row number plus the column number. For example, the 
row and column integer for row 1 and column 2 is 12. Th6 row 
number must be less than or equal to the column number because 
only the upper triangle of the symmetric matrix is input. 
Because the covariance matrix is 6 by 6, the maximum packed 
value is 66, indicating the sixth row and sixth column. The 
covariance matrix is symmetric, and a lower triangile element 
will be stored as an upper triangle element with a corre- 
sponding switching of the row and column. If values of the 
matrix are not input, default values will be used. 

This matrix is used in the DC process as the a priori covar- 
iance matrix of the state. When used with an EPHEM Program 
run and the matrix map option, it will be mapped to another 
epoch. 

149 
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CWE IGHT a. 
(DCOPT) 

CWEIGHT 

Card format: ( A 8 ,  313, 3G21.14) 

Applicable programs: DC, ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 A0 CWEIGHT--keyword to set observation 
weighting factor constants for observa- 
tion handling (see note) 

9-11 I3 Weighting factor index I 
12-14 I3 Weighting factor index J 
15-17 I3 Weighting factor index K 
18-38 G21.14 Weighting factor as specified for 

.index I (Ci) 
39-59 G21.14 Weighting factor as specified for 

index J (Cj) 
60-00 G21.14 Weighting factor as specified f o r  

index K (ck) 

Weighting 
Factor Default 
Index Descript ion Symbol Values 

1 Elevation angle gain for (CL) 0.0 

2 Bias factor for range, eleva- (C2) 1.0 

3 Elevation angle gain for (C3) 1.0 

4 Bias factor for azimuth angle (C4) 0.0 

5 Multiplier for observation ( C 5 )  1.0 

6 Multiplier for the a priori (c6) 0.0 

range, elevation, and range-rate 
weighting factor 

tion, and range-rate weighting 
factor 

azimuth angle weighting factor 

weighting factor 

noise variance in weight com- 
putation 

observation variance obtained 
from the preprocessor 

4-56 
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CWE IGHT 
(DCOPT) 

NOTE: Observation weight: w = PF./a2 
where for observation 

types 1, 5, 9 p~ = C1 sin E + C2 
for observation E = elevation 
type 4 PF = c3 Cos E + c4 angle 
for observat'ion 

Oc = calculated 2 types 2, 3 pF = 1 .-co 
observation 

for observation 
types 6, 7, 8, 
and all observa- 
types greater 
than 9 pF = 1.0 

2 2 2 2 
5 1  6 2 '  1 and u = C u + C u where u is the a priori variance of 

the observation noise which can be set by the OBSDEV or 
CHWT**** keyword. 
obtained from the observation preprocessor. 

a: is the a priori variance 

4 - 5 7  
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Dbbk5* * * * 
Delete Specification 

Card 
(DMOPT, DCOPT) 

Dbbk5* * * 

0 Card format: ( A 8 ,  313, 3GZ1.14) 

0 Applicable programs: DC, DATAMGT 

0 Detailed format: 

Columns Format Description 

1-8 A8 Dbbb****--keyword to set edit deletion 
criteria where the asterisks represent 
the receive (tracking station) acronym 
(see Note 1). (See Appendix A, 
Table A - 5 ,  for the 60-byte data base 
station acronyms.) If all receive 
stations employing the same tracker type 
are to be deleted, "ALLX" is used instead 
of a station acronym, where X specifies 
the tracker type (see Table 4-1, 
Page 4-8, for values of X). If all 
receive stations are to be deleted., it  is 
not necessary to input the station 
acronym oc tracker type (see Note 2). 

9-11 I3 Satellite object number: 
For the USB tracking system = the object 
number 
For the ATS tracking system = the packed 
integer IJK: 

I = relay satellite indicator (e-g., 
I t 6 for ATS-6) 
(See Table 4-2, Page 4-9, for 
values of J and K . )  

For the TDRS tracking system = the packed ' 

integer IJK: 
I = Vehicle Identification Code (VIC) 

of target for satellite-to-satel- 
lite data, or VIC of return-link 
TDRS for ground transponder data 
(see Note 3). 

J = forward-link TDRS ID (see Note 3 )  
K = return-link TDRS ID 

( I f  I or J or K = 0, do not key on 
this item.) 

Default = 0, delete a11 object numbers 

4-58 
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Dbbb**** 
Delete Specification 

Card 
(DMOPT, DCOPT) 

Columns Format DescriDt ion 

12-14 I3 Frequency at which observations satis- 
fying criteria for the Delete Specifi- 
cation card are deleted (default = 1) 

15-17 I3 Ground transponder index 
the TDRS tracking system 
transponder index number 
Default = 0, deletes all 
ponder index numbers 

18-38 G21.14 Editing on a combination 
tions TTMR (see Note 4): 

number (for 
= the ground 
to be deleted) 
ground trans- 

of specifica- 

TT = GTDS observation type number (see 
Appendix A,  Table A-2) 

= 00, do not key on obskrvation type 

for C-band, minitrack, USB, ATSR, 
Cartesian vector, and TDRS tracking 
systems (see Table 4-3, Page 4-10, 
for values.) 

M = mode indicat:or as defined for 

= 0, do not key on mode 
R = data rate indicator for GRARR, 

ATSR, and TT)RS tracking systems 
(See Table 4!-4, Page 4-11, for 
values. ) 

= 0, do not key on data rate 

39-59 G21.14 Start time of span for edit 
(yymmddhhmmss.sss~s); default is the  
time of the earlivest observation (see 
Note 5 ) .  

(yymmddhhmmss.5sss); default is the 
time of the last ObSeKVatiOn (see . 
Note 5). 

60-80 G21.14 End time of span for edit 

This keyword may be included in either the DMOPT O K  the 
DCOPT subdeck, depending on when the user wants the editing 
to be performed. By placing the keywclrd in the DMOPT sub- 
deck, the editing will be performed as the observations 
working file is being built. Thus, the edited observation 
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4-59 



DOC. NO. REV. NO. 
SD-85/6738 2 

DBbb**** 
Delete Specification 

Card 
(DMOPT, DCOPT) 

will not appear in the working file. By placing the keyword 
in the DCOPT subdeck, editing will be performed as part of 
the DC process. In that case, observations will be placed 
on the observations working file and either used or not used 
in the DC calculations as specified by the editing criteria. 

Data to be edited must satisfy the station acronym, tracker 
type, object number, and ground transponder ID edit criteria 
and one of che three tracker type, mode, and rate 
combinations specified; must fall within the edit timespan; 
and must not have been selected by another A or D card. 
Data selected and meeting these criteria will then be 
subjected to the frequency.test before being accepted or 
deleted. 

NOTES: 1. The Accept and Delete Specification cards must be 
preceded by an ACCREJ card. No more than 40 
specification cards may appear in a single DCOPT 
or DMOPT subdeck. 

2.  For delete by tracker types, when the ALLX option 
is used, all stations with the same tracker type 

. are deleted. For example, if ALL3 is input all 
stations with the last character of " 3 "  or "A" 
will be deleted since theiK tracker types ( 5 )  are 
identical. 

3 .  TDRS ID = SIC - 1299, where SIC = Support 
Identification Code (The TDRS ID should be the 
actual.number contained in the 60-byte 
observation data for the forward link or the 
return link. ) 

columns 18 through 3 8 .  A single combination is 
given as  TTMR.0, two combinations a s  TTMRTTMR.0, 
and three combinations as TTMRTTMRTTMR.0. Each 
combination must be repcesented by four digits. 
If the type is a single digit, it must be 
preceded by a zero. If type, mode, OK rate 

4 .  Up t o  three combinations may be specified in 
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editing is not to be performed, the appropriate 
position should be filled bly a zero. 

5 .  If the start time is equal to the end time, all 
other information on this card will be ignored. 
The editing will be treated as a single point 
edit, and all observations which occur at the 
single point edit time, regardless of tracker 
type, will be deleted. 

149 
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DCFDR 
(DCOPT) 

DCFDR 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-a A8 DCFDR--keyword to set the  option to 
output osculating or Brouwet mean ele- 
ments in the Orbital Elements Report 
(also known as Flight Dynamics Report) 
following completion of DC Program 

9-11 

12-80, 

I3 Output option indicator: 
= 0 ,  osculating elements (default) 
= 1, Btouwer mean elements 
Blank 

4 - 6 2  
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DCOPT 
(subdeck identifier) 

DCOPT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC, EARLYORB, DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 A8 DCOPT--keyword to specify processing of 

9-80 Blank 
DCOPT subdeck 

Use of the DCOPT subdeck identifier keyword permits process- 
ing of those optional keywords that pertain to a DC, 
EARLYORB, DATASIM, or ANALYSIS Program run. 

The DCOPT deck can contain the following keyword cards: 

AbbB**** 
ACCREJ 
ATMOSEDT 
CONSIDER 
CONVERG 
CWEIGHT 
Dbbb**** 

DCFDR 
DSPEAl 
DSPEA2 
DSPEA3 

. EDIT 
ELLMODEL 
INTEROUT 

MAPTIMES 
MODDCSOR 
OASENSOR 
OBSCORR 
PARTRTMS 
PASSTIME 
PRINTOUT 
RAMB**** 
RAMBOPT 
SAVE 
S S COVAR 
SSELEMl 
SSELEM2 
SSEPOCH 

SSOPT 
SSTSIM 
TRACKELV 
TRNDLY 
/*******I 
/*******2 
/ * * * * * * * 3  

/ * * * * * * * 4  

/ * * * * * * * 5  

/ * * * * * * * 6  

/*******7 

/ * * * * * * a 8  

/ * * * * * * * g  

The DCOPT subdeck must terminate with ,an END keyword card. 
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DECLVAR 
( O G O P T )  

DECLVAR 

0 Card format: (A8, 313, 3 G 2 1 . 1 4 )  

0 Applicable programs: DC 

0 Detailed format: 

Co lurnns 

1-8 

9-11 

12-17 

18-38 

3 9 - 5 9  

6 0 - 8 0  

NOTES : 

Format DescriDtion 

A8 DECLVAR--keyword t o  set the a priori 
standard deviations of declination or 
pitch coefficients when used with land- 
mark data (see Note 1) 

be read (1 to 5 ,  inclusive) 
Blank 

G 2 1 . 1 4  A priori standard deviation of first 
coefficient (degrees) 

G 2 1 . 1 4  A priori standard deviation of second 
coefficient (degrees per second) 

G 2 1 . 1 4  A priori standard deviation of third 
coefficient (degrees per second O K  in , 

degrees--see Note 2 )  

I3 Number of standard deviation values to 

1. The coefficients are for declination or pitch, 
depending on the third integer field of the 
ATTANG3 keyword card. 

2 .  To input additional standard deviations, use a 
second DECLVAR keyword card with the standard de- 
viations of the fourth and fifth coefficients in 
the first and second real fields (columns 18 
through 38 and 39 through 59). The default 
values of all a priori standard deviations are 
infinity (a). 

4 - 6 4  
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DISTCB 
(OGOPT) 

DISTCB 

0 Card format: ( A 8 ,  3 1 3 ,  3 6 2 1 . 1 4 )  

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format De !s c r i p t i on 

1-8 A0 DISTCB--keyword to set the distance 
from the current central body at which 
sectioning is to occur 

9 - 1 1  I 3  Flight section I 
12-14 I 3  Flight section J. 
15-17 I3 Flight section K 
1 8 - 3 8  G21.1.4 Distance (kilometers) from the central 

39-59  G 2 1 . 1 4  Distance (kilometers) from the central 

60-80 G 2 1 . 1 4  Distance (kilometers) from the central 

.body for flight section I 

body for flight section J .  

body for flight section K 

A maximum of 10 flight sections is allowed. 

4 - 6 5  
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e D I STNCB 
(OGOPT) 

D I S TNCB 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 

9-11 
12-14 
15-17 
18-38 

39-59 

6 0 - 8 0  

A8 DISTNCB--keyword to set the distance 
from the next central body at which 
sectioning is to occur 

I3 Flight section I 
I3 Flight section J 
I3 Flight section K 
G21.14 Distance (kilometers) from the'next 

central body f o r  flight section I 
G21.14 Distance (kilometers) from the next 

central body for flight section J ' 

G21.14 Distance (kilometers) from the next 
central body for flight section K 

A maximum of LO flight sections is allowed. 

The next central body of section N is the central body o f  
section N + 1. 
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DMOPT 
(subdeck identifier) 

DMOPT 

0 Applicable programs: EPHEM, DC, EARLYORB, DATASIM, 

0 Detailed format: 
ANALY S I S , DATAMGT 

Columns Format Description 

1-8 A8 DMOPT--keyword to specify processing of 
the DMOPT subdeck ' 

9-80 Blank 

The DMOPT subdeck can contain the following keyword cards: 

Ab13b* * 
ACCREJ 
CHWT* * * * 
Dklbb* * * 
LIFETIME 
MAXOBS 
MIXPAIR 
NO1 S * * * 
OBSDEV 
RE LAY I D 

SATGROUP 
SELOUT 
SLPBODY 
SLPCOORD 
SLPDEG 
SLPFILE 
SORINPUT 
SORVALID 
WORKATM 
WORKCON 

WOElKEL S 
WORKGEO 
WOHKINT 
WORKIONO 
WORKMAN 
WOELKOB S 
WORKSECT 
WORlKTCOR 
/*******I See station 
/ * * * * * * * 2  keywords. 

The DMOPT subdeck must terminate with an END keyword card. 
If additional subdecks are also used (DCOPT, OGOPT, etc.), 
they must follow the DMOPT subdeck (i.e., if DMOPT is used, 
it must be the first subdeck in each program input deck). 

4-67 
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DRAG e 
(OGOPT) 

DRAG 

0 Card format: ( A 8 ,  313, 3023.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 DRAG--keyword to set the drag force 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I 3  Flight section K 

model option €or each section 

18-38  G21.14 = 1.0, include drag option for section I 
= 2.0, do n o t  include drag option for 

section I' (default) 
39-59 G21.14 = 1.0, include drag option for section J 

= 2.0, do n o t  include drag option for 
section J (default) 

60-80 G21.14 = 1.0, include drag option for section K 
= 2.0, do not include drag option for 

section K (default) 

A spacecraft area and mass must be specified on the SCPARAM 
keyword card when using this option. See the ATMOSDEN 
keyword card for the type of atmospheric density model. 

4 - 6 8  
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DRAGCOF 
(OGOPT) 

DRAGCOF 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC, EPHEM, ANALYSIS 

0 Detailed format: 

Columns Format Descriotion 

1-8 A8 DRAGCOF--keyword to set polynomial co- 
efficients of pl  by flight section. 

p 1  = a 1  + a2t + ... + agt5 

. T h e  polynomial is; of the form 

9-11 I3 Flight section I (I = 1,lO) 
12-14 I3 Subscript (J) for the coefficient ap- 

pearing in columns 18-38 (where J = 1 
OK 4) 

15-17 Blank 
18-38 G21.14 Polymonial coeffi,cient corresponding to 

the Jth subscript for section I 
(default = 0.0) 

the (J+l)th Subscript for section I 
(default = 0.0) 

the (J+2)th Subscript for section I 
(default = 0.0) 

39-59 G21.14 Polynomial coefficient corresponding to 

60-80 G21.14 Polynomial coefficient corresponding to 

NOTE: A DRAGPOLY keyword card is required whenever the 
DRAGCOF keyword card is used. 
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DRAGPAR 0 
(OGOPT) 

DRAGPAR 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC, ANALYSIS 

0 Detailed format: 

Columns Format Descr iDt ion 

1-8 A8 DRAGPAR--keyword to update drag parame- 
ters and set the drag partial deriva- 
tives switch to compute p 1  

= 0, turn off drag partial derivatives 
switch 

= 1, compute partial derivatives o-f 
s t a t e  with respect t o  p l  

= 3 ,  update default parameter (see 
DRAGCOF and DRAGPOLY) 

9-11 I 3  Drag options: 

12-14 I3 Drag parameter type (use a separate 
DRAGPAR keyword card to update each 
parameter): 
= 0, drag coefficient, 

= 2, time variation in atmospheric den- 
sity, p2 (default = 0.0) 

= 3 ,  diurnal variation in atmospheric 
density, p 3  (default = 0.0) 

= 4 ,  angle between Sun line and the apex 
of the diurnal atmospheric bulge, 
p4 (default = 30.0 degrees) 

= 5 ,  power of cosine term, N 
.(default = 6 )  

(default = 2 )  
cDO 

15-17 I3 Power of cosine term, N (if column L4 = 5 )  

18-38 G21.14 Value of drag parameter to be updated 
(if column 14 < 5 )  

39-59 Blank 
60-80 G21.14 Standard deviation of drag variation 

In a DC Program run, the compute partial derivatives option 
indicates that the drag parameter, will be solved for 
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DRAGPAR 
(OGOPT) 

or considered using either the default value or the value in 
columns 18 through 38 as the a priori estimate and the 
a priori standard deviation in columns 6 0  through 8 0 .  If 
the drag option (columns 9 through 11) is equal to 3, the 
drag parameter type indicated in columns 12 through 14 is to 
be updated by the user. If the drag parameter type is 0, 2 ,  

3, or 4 ,  the updated value of the drag parameter is input in 
columns 18 through 3 8 .  However, if the drag parameter type 
is 5 ,  the updated value of the drag parameter is input in 
columns 15 through 17. 

This keyword card must be used in the force model, to com- 
pute partial derivatives of the state with respect to p 

(the drag parameter). If the user has not supplied the DRAG 

keyword card to invoke the drag option, and the DRAGPAR key- 
word card specifies that partial derivatives are to be com- 
puted, the drag option will be automatically invoked. 

1 

The product of the density at time t and the aerodynamic 

. .  

drag coefficient, CD, is given by 

where p is obtained by exponential interpolation within the 
stored density table, Jr is the angle between the satellite 
position vector and the apex of the diurnal bulge, which is com- 
puted using p 4  (the angle between the Sun line and the 
apex of the diurnal bulge), and C 
defined in the format description above. 

0 

p,., p 2 ,  p3, and N are . 

DO 
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DRAGPOLY 
(OGOPT) 

DRAGPOLY 

0 Card format: ( A 8 ,  313, 3GZ1.14) 

0 Applicable programs: DC, EPHEM, ANALYSIS 

0 Detailed format: 
\ 

. Columns Format DeSCCiRtiOn 

1-8 Aa DRAGPOLY--keyword to establish the num- 
ber of polynomial coefficients of p 1  

9-11 13 

12-14 I3 
15-17 I3 
18-38 G21.14 

39-59 G21.14 

60-80 G21.14 

flight section 
Flight section I 
Flight section J 
Flight section K 

to be a m l i e d and/or solved for by 

Number of coefficients to ,e solve1 for 
in-flight section I (see columns 18 
through 38) 
s 1.0, constant value for p1 (default) 
= 2.0, linear form for p l  
= 3.0, quadratic form for p 1  
= 4.0, 4th-order polynomial 
= 5 . 0 ,  Sth-order polynomial 
= 6.0, 6th-order polynomial 
Number of coefficients t o  be solved for 
in-flight section J (see columns 18 
through 38) 
= 1.0, constant value for p 1  (default) 
= 2.0, linear form for p i  
= 3.0, quadratic form for p 1  
= 4.0, 4th-order polynomial 
= 5.0, Sth-order polynomial 
= 6 . 0 ,  6th-order polynomial 
Number of coefficients t o  be solved for 
in-flight section K (see columns 18 
through 38) 
='L.O, constant value for p 1  (default) 
= 2.0, linear form for p 1  
= 3.0, quadratic form for p 1  
= 4.0, 4th-order polynomial 
= 5.0, 5th-order polynomial 
= 6.0, 6th-order polynomial 

NOTE: See keyword cards DRAGCOF and DRAGPAR. 
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DSPEAl 
(DCOPT) 

DSPEAl 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format Description 
\ 

1-8 A8 DSPEAl--keyword to set simulated track- 
ing schedule data 

12-14 I3 

9-11 I3 Type of tracking schedule 
= 1, input a detailed tracking schedule 

and repeat periodically 
= 2, determine the tracking schedule as 

a function of satellite passes 
(default ) 

= 3, determine the tracking schedule as 
a function of special events 

= 4, determine the tracking schedule as 
a function of a DODS observation 
tape 

Type of DATASIM output observation tape 
(JCL must be provided; see Section 5): 
= 0, GTDS observation tape (FORTRAN 

unit 29) (default) 
= 1, GTDS and DODS observation tape 

(FORTRAN units 29 and 30, respec- 
tively) 

= 2, DODS. observation tape (FORTRAN 
unit 30) 

= 3, Generalized Data Handler (GDH) ob- 
servation tape (FORTRAN unit 91; 
used only for SST simulation) 

15-17 I3 Epoch revolution number (default = 0) 
18-38 G21.14 Start time of DAT'ASIM run O K  ANALYSIS 

run (yymmdd.) (see Note) 
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DSPEAl 
(DCOPT) 

Columns Format . 

3 9 - 5 9  

60-80  

NOTE : - 

G21.14 

G21.14 

If blank, the 

DescriDtion 

Start time of DATASIM run or ANALYSIS 
run (hhmmss.ssss) 
Rate at which to determine satellite 
passes in seconds (default = 
60  seconds--used as frequency of 
observations if no frequency is speci- 
fied on station card 7) 

default is the start time of the input 
ephemeris file. When USB stations are used, the run 
start time should be later than the file start time by 
more than one observation interval (given by the third 
real field of this keyword card) due to handling of 
uplink and downlink times. 
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DSPEA2 
(DCOPT) 

DSPEAZ 

0 Card format: (A8, 313, 3G21.34) 

0 Applicable programs: DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format DeSCKiRtiOn 

1-8 A8 DSPEAt--keyword to specify input ORBIT 

9-11 I3 FRN of input ephemeris file to be used 
File and end simulation timespan 

for a DATASIM or ANALYSIS program run 
(default = 22) (see Note). For SST 
simulation, the FRN of target satellite 
ORBIT File is used. 

12-14 I3 Level of direct access ORBIT File (zero 
implies a sequential file) 

is-17. I3 Random noise indicator (default = 0 ;  
applicable to DAFAS’IM only) : 
= 0, no noise in the run 
= 1, compute noise in the run 

18-38 

39-59 

60-80 

NOTE : 

G21.14 End time of DATASIM program run or 
ANALYSIS run (yymmdd.) 
(The default is the end time of the 
input ephemeris iEile. ) 

G21.14 End time of DATASIM program O K  ANALYSIS 
run (hhmmss.ssss) 

G21.14 Type of range-race modeling: 
= I, VHF range-rate (defau1.t) 
= 2, VHF range difference 

FORTRAN reference numbers used are as follows: 

Primary‘ Secondary 
Unit Unit DeSCKiPtiOn 

19 86 ORBIT File with partial 
derivatives (direct access) 

20 88 ORBIT File without partial 
derivatives (direct access) 
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DSPEAZ 
(DCOPT) 

Primary Secondary 
Unit Unit Description 

21 02 ORBIT File with partial 

22 84 ORBIT File without partial 
derivatives (sequential) 

derivatives (sequential) 
\ When simulating satellite-to-satellite data, use the 

secondary unit for the target satellite. Proper JCL 
must be provided (see Section 5). 
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DSPEA3 
(DCOPT) 

DSPEA3 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DATASIM 

0 Detailed format: 

Columns Format 

1-8 A8 

9-11 I3 

12-14 

15-17 

I3 

I3 

18-80 

For best results the 

Description 

DSPEA3--keyword t:o specify various 
DATASIM Program output options 
Station Pass (Contact) Report option 
= 0, do not output Station Pass 

(Contact) Report but output 
Summary Report 

= 1, output Station Pass (Contact) 
Report and Summary Report but no 
DATASIM Program observation tapes 

= 2, output Station Contact Report and 
Summary Report and DATASIM Program 
observation tapes 

DATASIM observations printer frequency: 
= n, print every nth DATASIM observa- 

= 1, default 
= 0 ,  no printout 
DATASIM summary f:ile option: 
= 0, output the DATASIM Summary File 
= 1, do not output the DATASIM Summary 

Blank 

tion to printer 

File 

Station Pass (Contact) Report should be 
used with a Type 1 schedule with one period and one interval 
or with a Type 2 schedule. (For Type 1 and Type 2 schedule 
definitions, see the DSPEAl card.) 

For the Station Pass (Contact) Report only, a DD card in the 
J C L  for the observation tapes is not required. The program 
will default to a Type 1 schedule with one interval, and 
will observe the satellite every TPASS: seconds, where TPASS 
is the value in the third real field of the DSPEAl Card. 

4-77 
149 



DOC. NO. REV. NO. 
SD-85/6738 . 2 

EDIT 
(DCOPT) 

EDIT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format 

1-8 A8 

9-11 I3 

12-14 I3 

15-17 . I 3  

18-38 G21.14 
39-59 G21 I 14 

60-80 G21.14 

Des c r i D t ion 

EDIT--keyword to set observation edit 
parameters 
Option to turn off inner l o o p  editing 
= 1 ( o f f ) ,  =-0, or blank ( o n ,  default) 
Option to exclude/include edited observa- 
tions from residual report: 
= 1, exclude user-edited observations 
= 2 ,  include edited observations (default) 
The maximum number of inner loops 
allowed (default = 15) 
R M S  sigma multiplier (default = 3.ODO) 
Initial value of RMS (see Note 1) 
(default I l.OD03) (see Note 2 )  

RMS additive factor (see Note 1) (de- 
fault = O.ODO) 

If the ACCREJ keyword is present during a DC Program observa- 
tions will be edited according to the specifications on the 
ACCREJ, Abbb****, and Dbbb**** keyword cards. The option t o  

include edited observations allows the user to obtain the com- 
putation of the residual (0-C) for those observations edited 
by the detailed edit criterion. 

NOTES: 1. 

2 .  

149 

Each observation residual at the ith iteration is 
compared with the quantity N(RMSi-1) + RMSADD, 
where N is the RMS sigma multiplier. RMSi-1 is 
the R M S  value of the (i-l)st iteration (initialized 
by the value in columns 39 through 5 9 )  and RMSADD 
is specified in columns 60 through 80. A weighted 
residual greater than this value will result in the 
observation being edited for t h e  given iteration. 
If elements are retrieved from an Elements File, 
the initial value of RMS will be that contained on 
the file unless overridden with a value in this 
field. 
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DOC. NO. REV. NO. 
SD-85/6738 U D 1  2 

ELEMENT1 
(manda to ry )  

ELEMENT1 

0 Card f o r m a t :  ( A 8 ,  313, 3G21.14) 

e A p p l i c a b l e  programs:  EPHEM, DC 

3 e Detailed f o r m a t :  

Columns Format Ilescr i ~ t  i o n  

1- 8 A8 ELEMENTl--keywohd t o  se t  t h e  f i r s t  
three components of t h e  i n i t i a l  s t a t e  
v e c t o r  and t o  i d e n t i f y  the  c o o r d i n a t e  
system and r e f e r e n c e  c e n t r a l  body of 
t h e  i n i t i a l  s t a t e  

9-11 

12- 14 

15- 17 

I3 

f3 

I3 

I n p u t  c o o r d i n a t e  s y s t e m  o r i e n t a t i o n :  
= 1, mean E a r t h  e q u a t o r  and e q u i n o x  of 

1950.0 
= 2 .  t r u e  of r e f e r e n c e ,  E a r t h  e q u a t o r  

and equ inox  (see Note )  
=' 3. t r u e  of d a t e ,  E a r t h  e q u a t o r  and 

equ inox  
= 4 ,  mean e c l i p t i c  and e q u i n o x  of 1 9 5 0 . 0  

(Cowel l  i n t e g r a t o r s  o n l y )  
= 5 ,  t r u e  of epoch ,  e c l i p t i c ,  and 

e q u i n o x  (Cowel l  i n t e g r a t o r s  o n l y )  
= 6 .  mean Ea r th  e q u a t o r  and e q u i n o x  of 

52000.0 I 
I n p u t  c o o r d i n a t e  s y s t e m  t y p e :  
= 1, C a r t e s i a n  
= 2 .  Keplerian 
= 3. s pher  i ca  1 
= 4 .  Brouwer mean 
= 5 .  DODS f l i g h t  p a r a m e t e r s  
= 6 .  averaged K e p l e r i a n  ( f o r  averaged 

= 7 ,  K e p l e r i a n  s e l e n o g r a p h i c  (body- f ixed  

I n p u t  r e f e r e n c e  c e n t r a l  body i n d e x  of 
t h e  i n i t i a l  s t a t e  (see N o t e ) :  
= 1, E a r t h  
= 2. Moon 
= 3 ,  Sun 

VOP i n t e g r a t o r s  o n l y )  

Moon- c e n t e r e d  ) 

4-79 
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DOC. NO. REV. NO. 
SD-85/6738 UDl 2 

ELEMENT1 
(mandatory) 

Columns Format Description 

15-17 
(Cont’d) 

= 4, Mars 
= 5 ,  Jupiter 
= 6, Saturn 
= 7, Uranus 

\ 

NOTE: The reference date can be set via the TIMES keyword 
card. The default reference data is the epoch year, 
month, and day. 

4-79a 
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DOC. NO. REV. NO. 
SD-85/6738 2 

ELEMENT 1 
( manda t o r y ) 

Columns Format . Description 

15- 17 
(Cont'd) 

= 8 ,  Neptune 
= 9 ,  Pluto 
= 10, Mercury 
= 11. Venus 

" The next three fields contain the elements (in units of 
kilometers, seconds, and degrees) corresponding to the co- 
ordinate system type specified in the second integer field 
(columns 1 2  through 1 4 )  of this card:. 

Columns Format Description 

Other COOK- 
dinate 
System 

Cartesian Spherical DODS . Types 

1 8 - 3 8  G Z 1 . 1 4  X position Right East Semimajor 
ascension lon- axis (a) 
(a) gi- 

tide 

tion ( 6 )  detic ity (e) 
lati- 
tude 

3 9 - 5 9  G Z 1 . 1 4  Y position Declina- Geo- Eccentric- 

60-80 G 2 1 . 1 4  2 position Vertical Hori- Inclination 
flight zontal (i) 
path flight 
angle path 

angle 

This keyword has no default values. 

NOTE: When Keplerian selenographic coordinates are used, the 
reference central body must be the Moon. 

149 
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q DOC. NO. REV. NO. 
SD-85/6738 2 

ELEMENT2 
(mandatory) 

ELEMENT2 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed f,ormat: 

Columns Format De!scription 

1-8 A0 ELEMENTZ--keyword, to set the second 
three components of the initial state 
(degrees) 

9-17 Blank 

The next three fields contain the elements (in units of 
kilometers, kilometers/second, and degrees) COKreSpOnding to 
the coordinate system type specified i.n the second integer 
field (columns 12 through 14) of the E:LEMENTl keyword card: 

Co lurnns Format Description 

Other Co- 
ordinate 
system 

Cartesian Spherical DODS Types 

18-30 G21.14 X velocity Azimuth Azi- 
(inertial) muth 

iner- 
tial 

( r )  
39-59 G21.14 Y velocity Radius (r) Radius 

60-80 G21.14 Z velocity Velocity Veloc- 
(VI i ty 

(VI 

Longitude 
of as- 
cending 
node (Q) 
Argument 
of peri- 
gee ( 0 )  

Mean 
anom- 
aly (MI 

This keyword has no default values. 

149 
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DOC. NO. REV. NO. 
SD-85/6738 2 

ELLMODEL * 
(DCOPT) 

.ELLMODEL 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC, DATASIM 

0 Detailed format: 

Columns Format 

1-8 A8 

9-11 I3 

18-38 G21.14 

39-59 G21.14 

60-80 

ELLMODEL--keyword to define ellipsoid 
model (maximum of five models allowed) 
for conversion of tracking station 
coordinates 
Model number (1 2 model 2 5) 
Blank 
Semimajor axis of ellipsoid 
Inverse flattening coefficient of 
ellipsoid 
Blank 

The Tracking Station Geodetics File uses model 1, which de- 
faults to the following values: 

0 Semimajor axis of ellipsoid = 6378.166 
e Inverse flattening coefficient of ellipsoid = 298.3 

These default values for model 1 can be changed through the 
use of this card. New station coordinates supplied through 
data cards (Station Card 1 and Station Card 2) can refer to 
ellipsoid models other than model 1. Additional models must 
be defined through this card. 

4 - 8 2  
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DOC. NO. REV. NO. 
SD-0516738 2 

ELSRPT 
(PFROPT) 

ELSRPT 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: FILERPT, EPMEM 

0 Detailed format: 

Columns Format Description 

1-8 A0 ELSRPT--keyword to specify a report of 

9-11 I3 General report indica tor : 
the GTDS Permanent Elements File 

= 0 ,  no report 

= 2 ,  report of last set saved for each 
= 1, directory report 

satellite on the file 
12-14 I3 Full element set report indicator: 

. = 0, no report will be printed 
= 1, a l l  sets for a particular satellite 
= 2, all sets for all satellites 
= 3, a particular element set 

= 0 ,  no report will be printed 
= 1, all sets for a particular satellite 
= 2 ,  all sets for all satellites 

o f  3 ,  o f  column 17 = 1) 

15-17 13. Summary element set report indicator: 

18-38 G21.14 Satellite ID (needed if column 11 = 1 

39-59 G21.14 Element set number (if column 14 = 3) 

6 0 - 8 0  Blank 

This keyword card may be included only once per PFROPT sub- 
deck. 

4-83 
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DOC. NO. REX. NO. 
SD-85/6738 2 

ELS24RPT 
(PFROPT) 

ELS24RPT 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: FILERPT, EPHEM 

0 Detailed format: 

Columns Format Description 

1-8 A8 ELS24RPT--keywocd to specify a report 

9-11 I3 Summary report indicator (see Note): 
of the GTDS 24-Hour Hold Elements File 

= 0, no summary report will be printed 
= 1, summary report will be printed 

= 0, no full report will be printed 
= 1, full report will be printed 

12-14 I3 Full r e p o r t  indicator (see Note): 

15-17 Blank ' 

18-38 G21.14 Report particular element set (see 
Note) : 
= 0 ,  no report of particular set 
> 0, element set number to be reported 

39-59 G21.14 Start time of element report (needed if 
column 11 or column 14 0): 
= yymmddhhmmss.ssss 

column 11 or column 14 0): 
= yymmddhhmmss.ssss 

60-80 G21.14 End time of element report (needed if 

This card may be included only once per PFROPT subdeck. 

NOTE: Indicators for Summary Report, Full Report, and 
Particular Element Set Report are mutually exclusive. 

4-84 
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DOC. NO. REV. NO. 
SD-0516738 2 

END 
(subdeck terminator) 

END 

0 Card format ( A 3 )  

0 Applicable programs: EPHEM, DC, EARLYORB, DATASIM, 
ANALYSIS, COMPARE, DATAMGT, FILERPT 

0 .Detailed format: 

Columns Format Descriution 

1-3 A3 END--keyword that identifies the end of 

4-80 Blank 
a subdeck 

The END card must be the last Card of every subdeck included 
in the input deck. 

4 - 0 5  
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DOC. NO. REV. NO. 
SD-05/6730 2 

EODOUBLR 

e EODOUBLR 
(EOOPT) 

0 Card format: (A8, 313# 3G21.14) 

0 Applicable programs: EARLYORB, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 EODOUBLR--keyword to specify parameters 
for the Double-R method of early ocbit 
extraction. 

9-11 13 =lo the user is specifying the number of 
orbital revolutions between observa- 
t ions 

of revolutions (default) 
4, software will determine the number 

12-14 I3 Number of revolutions between observa- 

15717 t 3  ‘Number of revolutions between observa- 

18-38 G21.14 Minimum accuracy in seconds to terminate 

39-59 G21.14 Maximum correction used in diffential 

6 0 - 8 0  G21.14 Spare 

-tions 1 and 2 (default = 0) 

tions 2 and 3 (default = 0) 

Double-R (default = 0.2 second) . 

correction (default = L O l O k m )  

4-86 
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REV. NO. DOC. NO. 
SD-85/6738 2 

EOOPT 
(subdeck identifier) 

EOOPT 

0 Card format: ( A 8 ,  3 1 3 ,  3621.14) 

0 Applicable programs: EARLYORB 

0 Detailed format: 

Columns Format Description 

1-8 A8 EOOPT--keyword to specify processing of 

9-80 Blank 
the EOOPT subdeck. 

149 
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DOC. NO. ~ REV. NO. 
SD-85/6738 2 

EOINTRVL 
(mandatory) 

EOINTRVL 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EARLYORB, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 EOINTRVL--keyword to set the minimum time 

9-17 Blank 
difference between observations 

18-38 G21.14 Minimum interval between observations to 
be selected by an automatic early otbit 
determination method in seconds 
(default = 30 s e c o n d s )  

39-59 Minimum elevation angle beneath which 
early orbit processing will n o t  select 
observations (default = 0.0 degrees) 

60-80 Blank 

149 
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. DOC. NO. REV. NO. 
s v - 8 5 1 6 7 3 0  s 2 

EPHMERGE 
(COMPOPT) 

EPHMERGE 

0 Card format: (A8, 3 1 3 ,  3 G 2 1 . 1 4 )  

0 Applicable programs: COMPARE 

0 Detailed format: 

Columns Format Description 
\ 

1-8 A8 EPHMERGE--keyword, to specify EPHEM File 
merge start time, end time, and toler- 
ance (see Note 1) 

9-17 Blank 
1 8 - 3 8  G 2 1 . 1 4  Year, month, day, hours, minutes, 

seconds of start time of merge 
(yymmddhhmmss.sss~s) (see Note 2) 

3 9 - 5 9  G 2 1 . 1 4  Year, month, day, hours, minutes, 
seconds of end time of merge 
(yymmddhhmmss.sssls) (see Note 3 )  

Note 4 )  
6 0 - 8 0  G 2 1 . 1 4  Merging tolerance! (kilometers) (see 

NOTES: 1. The files to be merged must be input on FRN 24 
and 81.- The output must be on FRN 8 3 .  

of the first EPHEM File. 

the second EPHEM File. 

There is no default value. 

2. If blank or zero, the default is the start time 

3. If blank or zero, the default is the end time of 

4 .  The merging tolerance must be set by the user. 

4-89 
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DOC. NO. REV. NO. 
SD-85/6738 * 2 -  

EPHQLCRT 0 
(OGOPT) 

EPHQLCRT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format 

1-8 A8 

9-11 I3 
12-14 I3 

15-17 13 
18-38 G21.14 
39-59 G21.14 

6 0 - 8 0  G21.14 

Description 

EPHQLCRT--keytrord to request printout 
of selected data points from EPHEM or 
ORB1 Files 
First ephemeris point to be printed 
Second ephemeris point to be printed 
Third ephemeris point to be printed 
Fourth ephemeris p o i n t  to be printed 
Fifth ephemeris p o i n t  to be printed 
Sixth ephemeris point to be printed 

As many as six points (position and velocity vectors) may be 
printed from each block of 5 0  in the ephemeris record. Each 

point is specified by a number from 1 to 5 0 ,  inclusive, in 
one of the six numerical fields of this keyword card. 

4 - 9 0  
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DOC. NO. REV. NO. 
SD-85/6738 2 

EPOCH 
(mandatory) 

EPOCH 

e Card format: ( A 8 ,  313, ~3G21.14) 

e Applicable programs: EPHEM, DC, EARLYORB 

0 Detailed format: 

Columns Format Description 

1-8 A8 EPOCH--keyword to set satellite epoch 
9-17 Blank 

18-38 G21.14 Year, month, day of epoch (yymmdd.) 
(see Note) 

39-59 G21.14 HOUKS, minutes, seconds of epoch 
(hhmmss.ssss) 

60-80 G21.14 Automatic epoch advance option (for DC 
Program only)--year, month, day, hours, 
minutes, seconds of epoch about which 
to perform DC (yymmddhhmmss.ssss). The 
default is no epoch advance desired. 

- NOTE: This date will be the default for the reference date 
when integrating in the true of reference system un- 
less overridden by the keyword ‘TIMES. 

4-91 
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DOC. NO. REV. NO. 
SD-85/6730 2 

EPOTRPT 

EPOTRPT 

a (PFROPT) 

e Card format: ( A 8 ,  313, 3G21.14) 

e Applicable programs: FILERPT, EPHEM 

e Detailed format: 

Columns Format Description 

1-8 A8 EPOTRPT--keyword to specify a report of 

9-11 13 Type of report indicator: 
the Earth Potential Fields File 

= 0 ,  summary , 

= 1, partial 
= 2, full 

12-14 I3 Number of models: 
= 0, a11 models 
C 0, model number (see Appendix D, 

Item A )  

15-80 Blank 

This card must be included o n l y  once'per PFROPT subdeck. 

4-92 
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DOC. NO. REV. NO. 
s ~ - a 5 / 6 n a  2 

F I N  
(mandatory) 

FIN 

0 Card format: (A3) 

0 Applicable programs: EPHEM, DC, EARLYORB, DATASIM, 
ANALYSIS, COMPARE, DATAMGT, FILERPT 

0 Detailed format: 

Columns Format 

1-3 A3 FIN--keyword that: indicates the end of 

4-80 Blank 
a program input deck 

The FIN card must be the last card in every program input 
deck. 

4 - 9 3  
149 
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DOC. NO. REV. NO. 
SD-85/6738 2 

FLATCOEF 
(OGOPT) 

FLATCOEF 

0 Card format: (AB, 313, 3621-14) 

0 Applicable programs: EPHEM, DC, EARLYORB, DATASIM 

0 Detailed format: 

Columns Format DesctiDtion 

1-8 A8 FLATCOEF--keyword to set the inverse of 

9-11 I3 Index of body I 
12-14 13 'Index of body J 
15-17 I3 Index of body K 
18-38 G21.14 Inverse of flattening for body I 

the flattening coefficients 

39-59 G21-14 Inverse o f  flattening for b o d y  J . 
60-80 G21.14 Inverse of flattening for body K 

The body indexes are as follows: 

1 = Ear.th 5 = Jupiter 
2 = Moon 6 = Saturn 
3 = Sun 7 = Uranus 
4 = Mars 8 = Neptune 

9 = Pluto 
10 = Mercury 
11 = Venus 

149 
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DOC. NO. REV. NO. 
SD-85/6738 2 

GEODRPT 
(PFROPT) 

GEODRPT 

0 Card format: ( A 8 ,  313, 3621.19) 

0 Applicable programs: FILERPT, EPMEM 

0 Detailed format: 

Columns Format Description 

1-8 A0 GEODRP--keyword to specify a report of 

9-80 Blank 
the Tracking Station Geodetics File 

This card may be included only once per PFROPT subdeck. 
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DOC. NO. REV. NO. 
SD-85/6738 2 

GMCON 
(OGOPT) 

GMCON 

0 Card.format: ( A 8 ,  313, 3G21.14) 
0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 GMCON--keyword to set gravitational 

9-11. I3 Index for body I 
12-14 I3 Index for body J 
15-17 I3 Index for bpdy K 

18-38 G21.14 Gravitational constant (kilometer3 

39-59 G21.14 Gravitational constant (kilometer3 

6 0 - 8 0  . G21.14 Gravitational constant (kilometer3 

constants for specified bodies 

per second2) for body I 

per second2) for body J 

per second2) 'for body K 

The body index are as follows: 

1 = Earth 5 = Jupiter 9 = Pluto 
2 = Moon 6 = Saturn LO = Mercury 
3 = sun 
4 = Mats 

7 = Uranus 11 = Venus 
8 = Neptune 

149 
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DOC. NO. REV. NO. 
SD-85/6738 2 

HARMON I C  
(OGOPT) 

HARMON1 C 

0 Card  f o r m a t :  (A8, 313, 3621.14) 

0 A p p l i c a b l e  programs:  EPHEM, DC, EARLYORB 

0 Deta i led  f o r m a t :  

Columns Format  D e s c r i p t i o n  

1-8 A0 HARMONIC--keyword t o  r e a d  a n  e n t i r e  

9 - 1 1  I3 Data t y p e  s e n t i n e ! l :  
ha rmon ics  f i e l d  t a b l e  

= 1, harmonics  a re  Cn,, 
= 2 ,  harmonics  a r e  Sn,m 
= 3, i n d i c a t e s  end  of  ha rmon ics  t a b l e  

12-14 I 3  N ,  d e g r e e  of  t h e  f i e l d  (maximum = 2 1 )  

15-17 I3 I n d e x  of body: 
= 1, E a r t h  
= 2, Moon 

18-38 G21.14 Value  of t,he i t h  harmonic  for s p e c i f i e d  
body 

39-59 G21.14 V a l u e  of t h e  ( i  4- 1 1 t h  ha rmon ic  f o r  
s p e c i f i e d  body 

60-80 G21.14 Value  of  t h e  ( i  4 2 ) t h  harmonic  f o r  
s p e c i f i e d  body 

M u l t i p l e  keyword c a r d s  a re  normal ly  used  t o  c h a n g e  a n  e n t i r e  
ha rmon ics  f i e l d .  

c a r d .  All c a r d s  f o l l o w i n g  t h e  f i r s t  c a r d  w i l l  be t r e a t e d  a s  

harmonics  c a r d s  u n t i l  t h e  end  of  haKKICiniCS t a b l e  i s  r e a d .  A 
“ 3 ”  i n  t h e  f i r s t  i n t ege r  f i e l d  of a c a r d  i n d i c a t e s  t h e  end 

of t h e  t a b l e .  

The keyword must on1.y a p p e a r  on  t h e  f i r s t  

The ha rmon ics  must be g i v e n  i n  t h e  fo1.lowing o r d e r :  

c 2 , 0 ‘  ‘3.0‘ ..” ‘n,O’ c 2 , 1 ’  c 3 , 1 ’  . . . I  

C n , 1 ’  n,m. 
C 

Where n = 2 ,  3 ,  ..., N, m = 0 ,  1, ..., M and n 2 m. The same 
i s  t r u e  f o r  t h e  S va lues .  n ,m 

4 - 9 7  
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DOC. NO. REV. NO, 
s ~ - a w t i 7 3 8  2 

HARMON I C 
(OGOPT) 

Harmonics for multiple bodies.can be changed by repeating 
the keyword HARMONIC with the proper body specified in 
columns 15 through 17 of the first data card of this set. 
See Figure 4-3 for a sample of a 4 x 4 field, in the GTDS 
format. Keyword cards CNM and SNM may be used to change 
individual values in the harmonics table (see Reference 2, 
Section 4.3, for Cn,, ,  definitions) . and ‘n,m 

4 - 9 8  
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DOC. NO. REV. NO. 
SD-85/6738 2 

HARMON1 C 
(OGOPT) 

Harmonics Table (GTDS Format) 

COLUMN 

1 8 11 14 17 18 38 39 59 60 80 

HARMONIC 1 4 1 -0.10826271D-02 0,253588680-05 0.16246180D-05 
-0.27635957D-09 0,21907694D-05 -0.50552749D-06 
0.15711423D-05 0,30466825D-06 0.78842515D-07 
0.97966803D-07 0,,59073749D-07 -0.41542493D-08 

HARMONIC 3 
HARMONIC 2 4 1 -0.52357454D-08 0,27267074D-06 -0.50552749D-06 

-0.90231337D-06 -0.21259298D-06 0.14818958D-06 
0.39681077D-06 -0,12140873D-07 0.63163541D-08 

HARMONIC 3 

4-99 
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I DOC. NO. REV. NO. 
SD-85/6738 2 

HISTPLOT 
(OGOPT,COMPOPT) 

HISTPLOT 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: EPHEM, COMPARE 

0 Detailed format: 

Columns Format Descr iut ion 

1-8 

9-11 

12-14 

(12) 

A8 HISTPLOT--keyword to set the element 

13 Plot option (no default) (see Note 1): 
history plot options 

= 1, all 14 plots 
= 2, six KepleKian elements plots 
= 3 ,  six Keplerian elements and two 

radius p l o t s  
= 4 ,  six equinoctial elements pLots 

13 The primary file (see Note 2 )  = (file 
type) *Lao + (file level) *10 + 
(partial derivative switch) 
File type (no default): 
= -1, two ORBIT File levels with the 

same FRN 
= 0, ORBIT File 
= 1, ORB1 File 
= 2, EPHEM File 
File level (no  default): 
= 0, sequential file 
f 0, direct access file 
Partial derivative switch: 
= 1, with partial derivatives 
= 2 ,  without partial derivatives 

15-17 13 The secondary file (specified in the 
same manner as the primary file: see 
Note 2 )  

no default). 

default ) 

18-38 G21.14 Start time of plot (yymmddhhmmss.sss; 

39-59 G21.14 End time of plot (yymmddhhmmss.sss; no 

60-80 G21.14 Time interval between two consecutive 
points in a plot in seconds (default 
= 60 seconds) 

4-100 
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DOC. NO. REV. NO. 
SD-85/6738 2 

HISTPLOT 
(OGOPT,COMPOPT) 

NOTES: 1. See OUTPUT keyword card description for mandatory 
input when p l o t s  are desired. 

17 are not used. 
2. As an optional card in OGOPT, columns 12 through 

149 
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DOC. NO. REV. NO. 
s~-85/673a 2 

HSTSCALE 0 - 
(OGOPT,COMPOPT) 

HSTSCALE 

0 Card format: (A8, 313, 3621.14) 

Applicable programs: EPHEM, COMPARE 

0 Detailed format: 

Columns Format Description 

1-8 A0 HSTSCALE--keyword to set the scales for 
element history plots (see the 
description of the HISTPLOT keyword . 
card) 

9-11 I3 Type plot: 
For Keplerian elements: 
t 1, semimajor axis 
= 2, eccentricity 
= 3, inclination 
= 4, longitude of ascending node 
s 5 ,  argument of perifocus 
= 6, mean anomaly 
For radius: 
= 7, radius of perifocus 
= 8, radius of apofocus 
For equinoctial elements: 
= 9, semimajor axis 
= LO, h 
= 11, k 
= 12, p 
= 13, Q 
= 14, 

12-14 13 f 0 on any HSTSCALE card will suppress 
the plots n o t  specified o n  a HSTSCALE 
card (see Note) 

15-17 Blank 
18-38 G21.14 Minimum Y scale 
39-59 G21. 14 Maximum Y scale 
60-80 Blank 
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HS TS CALE 
(0GOPT.COMPOPT) 

NOTE: One o r  more HSTSCALE c a r d s  may b e  u s e d  i n  the  OGOPT 
or COMPOPT s u b d e c k s .  A nonzero  i n t e g e r  i n  columns 12 
through 14 of one of HSTSCALE c a r d s  w i l l  give o n l y  
t h e  p l o t s  which a r e  s p e c i f i e d  b y  HSTSCALE c a r d s .  The 
HISTPLOT keyword c a r d  is n e c e s s a r y  f o r  e l e m e n t  
h i s t o r y  p l o t s ;  the  HSTSCALE card  is o p t i o n a l .  

4-103 
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IMPACT e 
(OGOPT) 

IMPACT 

0 Card format: (A8. 313, 3G21.14) 

0 Applicable programs: EPHEM 

0 Detailed format: 

Columns Format Description 

9-11 
12- 14 
15-17 

I3 
I3 
I3 

1- 8 A8 IMPACT--.keyword to enable impact 
processing function in GTDS Release 3. 
When the IMPACT card is submitted, only 
the Cowell, Time-Regularized Cowell and 
Hull Runge-Kutta 3(4+) orbit generators 
may be specified in the OGOPT subdeck. 
Blank 
Blank 
Low-atmosphere density model. switch: 
= .O, Low-atmoshphere density model 

disabled: drag force calculated 
with density set to zero (default) 

= I, Low-atmosphere density model 
enabled 

18-38 G21.14 Transition height: 
Altitude (in km) at and below which 
integration will be performed by the 
Hull Runge-Kutta 3(4+) integrator 

Altitude (in km) at which trajectory 
propagation will stop and an impact 
report be generated 

39-59 G21.14 Impact height: 

60-80 G21.14 Not used 

4- 104 Update 1 e 
June 1988 

14 9 



DOC. NO.  REV. NO. 
S D - 8 5 / 6 7 3 8  UDl 2 

IMPACT 
(OGOPT) 

NOTE : 

When using the impact processor, an appropriate integration 
stepsize must be selected on the ORBT'YPE keyword card. In 
particular, the user should keep in mind the following: 

1. The integration stepsize should be no larger than 
the output stepsize. 

2 .  For a @'normal@' impact processing cun (transition 
height from 70 to 4 0 0  km, velocity at transition 
height from 7 to 9 km/s), stepsizes of 5 to 
10 seconds are a good choice. 

3 .  If the trajectory is propagated below impact height 
or even below the Earth's surface, the user should 
try reducing the integration stepsize. This may be 
necessary if the transition height is low. 

Reducing the.integration time step f o r  the time-regularized 
Cowell orbit generator means increasing the number of steps 
per orbit period. 

4-105 Update 1 
June 1 9 8 8  
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e IMPULSE 

IMPULSE 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

(OGOPT) 

Columns Format Description 

1- 8 A8 IMPULSE--keyword to set the impulsive 

9-11 I3 Maneuver number (1. 2, ..., 5 )  

maneuver : 
= 1. mean equator and equinox of 1950.0 
= 2, true of reference 

maneuver velocity increments 

12- 14 I3 Coordinate system reference for the 

15- 17 I3 Type maneuver: 
= 1. normal impulsive maneuver: X, Y, 2 
= 2 ,  maneuver uses V in R1 field, yaw 

and pitch angles of V with respect 
to orbital plane in R2 and R 3  
fields (angles given in degrees) 

= 3, Earth Resources Technology Satel- 
lite (ERTS) type maneuver 

= 4, constants C1, C2, and C3 in the 
ERTS gating maneuver model are con-. 
tained in the three real fields 
(see Note) 

= 5 ,  constants C4 and C5 in the ERTS 
gating maneuver model are contained 
in the first two real fields (see 
Note) 

16-38 G21.14 X velocity increment (kilometers per 
second) or magnitude of the velocity 
increment, V (kilometers per second) 

39-59 G21.14 Y velocity increment (kilometers per 
second) or yaw angle of V 

60-80 G21.14 2 velocity increment (kilometers p e r  
second) or pitch angle of V 

14 9 
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IMPULSE 
(OGOPT) 

One card must be supplied for each maneuver. Associated 
MANTIME and MANMASS keyword cards must also be used. 

NOTE: Two IMPULSE cards are needed to change default values 
of all five constants (C1 through C 5 )  in the ERTS 
gating maneuver model. 

\ 
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INTCRPT 
(PFROPT) 

INTCRPT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: FILERPT, EPHEM 

0 Detailed format:. 
', 

Columns Format Description 

1-8 A8 INTCRPT--keyword to specify a report of 
the Integration Coefficients File 

9-11 

12-14 

I3 

I3 

15-80 

General file description report 
indicator: 
= 0, no report will be printed 

' =  1, a report will be printed 
Specific integration coefficient s e t  . 
tepor t : 
= 0, no 
> 0, degree of integration coefficient 

Blank 
set (minimum 4, maximum = 19) 

This card may be included only once per PFROPT subdeck. 
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INTEG 
(OGOPT) 

INTEG 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format DescriPtion 
\ 

1-8 A8 INTEG--keyword tal set the numerical 

9-11 I3 Numerical integration type: 
integration parameters 

= 1, single point. off-grid 

= 3, Adams 
= 4, Runge-Kutta (see Note) 

of motion (default = 12) 

variational equations (default = 8) 

- = 2, second sum C!owell (default) 

12-14 I3 Cowell integration order €or equations 

15-17 . I3 Cowell integration order for 

18-80 Blank 

NOTE: The Cowell orbit generator must be requested via t h e  
ORBTYPE keyword card in order t.o use the Runge-Kutta 
integrator. 
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INTEROUT 
(OGOPT, DCOPT) 

INTEROUT 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC, DATASIM, ANALYSIS 

0 Detailed format: 

For DCOPT and OGOPT subdecks: 

Columns Format Description 

1-8 A8 INTEROUT--keyword to request 
intermediate output front selected 
subroutines 

is desired 

is desired 

is desired 

subroutine I ( n  = number of entries 
into the subroutine) 

subroutine J (n  = number of entries 
into the subroutine) 

subroutine K (n  = number of entries 
into the subroutine) 

9-11 13 Subroutine number I from which output 

12-14 I3 Subroutine number J from which output 

15-17 I3 Subroutine number K from which output 

18-38 G21.14 Frequency (n) of desired output from 

39-59 G21.14 Frequency of desired output from 

60-80 G21.14 Frequency of desired output from 

4-110 
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INTEROUT 
(OGOPT, DCOPT) 

The s u b r o u t i n e  numbers a r e  as  f o l l o w s  f o r  t h e  th ree  r ea l  
f i e l d s :  

OGOPT Subdeck (See N o t e )  

1 = VARFRC 

2 = N o n e  

3 = R E S I N C  

4 = O R B I T C  

5 0 NEWTAB 

6 = TESTH 

7 = C S T E P  

0 f PMASSV 

9 = SLRADV 

10 = N o n e  

11 = HARMV 
1 2  = PMASS 

1 3  = EVAL 

14 = CSHAD 

15 = SOLRAD 

16 = HARMON 
17 = SPART 

18 = N o n e  

1 9  = ATMOS 

2 0  = HEIGHT 

21 = FORCV 

2 2  = N o n e  

23 = SUMS 
24 = RESUME 

25 = PARTE 

2 6  = N o n e  

28 = SECUPD 

2 7  = MSTART 

291 = SECHKN 

30 = CROSSC 

31. = INTOGN 

32, = RESWRM 
3 3  = ANPART 

DCOPT Subdeck (See N o t e )  

1 = None 8 = N o n e  

2 = I T E R C T  9 = RESTAT 

3 = NOREST 10 = I N T b C  (See Note  1) 

4 = OBS 11. = TRANF 

5 = OBSCOR 1 2  = READWF 

6 = OBSP 13 = CORDBA 

7 = None 

1 4 9  
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INTEROUT 
(OGOPT, DCOPT) 

- NOTE: For subroutine INTDC, the output frequency is each DC 
Program iteration; otherwise frequency is by every 
mth Observation for every nth iteration (1 L m 5 
9 9 9 ,  o n) given in the form nnmmm (e.g.8 10020 
means output data every 20th observation every 10th 
iteration). 

\ 
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INTMODE 
(OGOPT) 

INTMODE 

0 Card format: (AB, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

For DCOPT and OGOPT subdecks: 

Columns Format Description 

1-8 A8 INTMODE--keyword to set integration 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 
18-38 G21.14 Integration step mode setting for 

stepsize control mode 

section I 
39-59 G21.14 Integration setp mode setting for 

60-80 G21.14 Integration step mode setting for 
section J 

section K 
Step mode settings: 

1.0 = fixed step (default) 
2.0 = regular vary step 
3.0 = shells 
4.0 = halving-doubling 

. 

A maximum of 10 sections is allowed. 
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LIFETIME 
(DMOPT) 

LIFETIME 

0 Card format: (A8, 3 1 3 ,  3 6 2 1 . 1 4 )  

0 Applicable programs: EPHEM 

e Detailed format: 

Columns Format DescriPtion 

1-8 A8 LIFETIME--keyword to set the orbit 
generator in the lifetime study mode 

9 - 1 1  I 3  Source of input elements: 
= 1, from the GTDS Permanent Elements 

= 2, from cards 
File (unit 2 5 )  

1 2 - 1 4  I3 

15-17 I 3  

First elements set number requested if 
input is from the Permanent Elements 
File 
Last.elements set number requested if 
input is from the Permanent Elements 
File 

1 8 - 3 8  G 2 1 . 1 4  The minimum acceptable perifocal radius 
(defau1.t = 0.0 kilometer) 

3 9 - 5 9  G 2 1 . 1 4  The maximum acceptable apofocal radius 

6 0 - 8 0  . Blank 
When the GTDS Permanent Elements file is used as the source 
of initial elements, a sequence of cases will be run, 
statting with the first elements set number specified and 
continuing until the last elements set number specified has 
been 'used. 

(default = 1 0 1 4  kilometers) 

4 - 1 1 4  

149 
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DOC. NO. REV. NO. 
SD-85/6738 2 

LNDPAR 
(OGOPT) 

e Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A0 LNDPAR--keyword to set data for 
processing landmark (spinning) 
observables 

9-11 Blank 
18-38 G21.14 Sun sensor-to-visor angle (degrees) 
39-59 G21.14 Satellite spin rate (degrees per second) 
60-80 Blank 

4-115 
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LOWBOUND 

0 Card format: (A8 ,  313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

LOWBOUND 0 
(OGOPT) 

a 

0 Detailed format: 

Columns Format Description 

1-8 A8 LOWBOUND--keyword for setting the step 
size control lower truncation error 
boundary 

9-11 I3 Flight section I . 

12-14 13 Flight section J 
15-17 I3 Flight section K 
18-38 G21.14 Lowet bound for s e c t i o n  I (greater  t h a n  

39-59 GZ1.14 Lower bound for section J (greater than 

6 0 - 8 0  G21.14 Lower bound for section K (greater than 

A maximum of LO sections are allowed. The lower error bound 
initial value for all sections can be set to the same value 
by using the keyword TOLER at the user's option. 

zero) 

zero) 

zero) 
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LPOTRPT 
(PFROPT) 

LPOTRPT 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: FILERPT, EPREM 

0 Detailed format:. 

Columns Format DeSCriDtiOn 

1-8 A8 LPOTRPT--keyword to specify report of 

9-11 I3 Type of report indicator: . 

the Lunar Potential Fields File 

= 0, summary report 
= 1, partial report 
= 2, full 

= 0, all models 
12-14 I3 Number of models to be reported: 

0, number of model to be reported (see 
Appendix D, Point B) 

15-00 Blank 

This card may’be included only once per PFROPT subdeck. 

149 
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(OGOPT) 

MANMASS 

a Card format: (A8, 313, 3GZ1.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format DeSCtiPtiOn 

1-8 A8 MANMASS--keyword to set the satellite 
mass required t o  compute impulsive 
maneuvers 

description) 
9-11 I3 Maneuver number (see IMPULSE keyword 

12-17 Blank 
18-38 G21.14 Satellite mass before maneuver 

39-59 G21.14 Satellite mass after maneuver 

60-80 Blank 
One card must be supplied for each maneuver. Associated 
IMPULSE and MANTXME keyword cards must also be used. 

(kilograms) (must be greater than z e r o )  

(kilograms) (must be greater than zero) 

4-118 
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MANTLME 
(OGOPT)  

MANMASS 

0 Card  format:  ( A 8 ,  313. 3Gi!1..14) 

o A p p l i c a b l e  programs:  EPHEM, DC 

0 D e t a i l e d  f o r m a t :  

Co l i m n s  For-iriat Des-c c i p t i o n  

1- 8 A8 MANT1MF;--keyword t o  S O L  t h e  time of the 

9-1L I 3  Maneuver number (see IMPULSE keyword 

impul  s ive ma neuve r 

d e s c r i p t i o n )  

1 2 - 1 4  Blank 

15-17 I 3  R e v o l u t i o n  c o u n t e r  f o r  maneuver 
( s p e c i f i e s  maneuver a t  c e c t a i n  v e r t i c a l  
c r o s s i n g  i n s t e a d  of time) 

1 8 - 3 8  G21.14 Year, month. d a y  o f  iiiijrieiivec (yymmdd . 0 )  

39-59 G21.14 Hours ,  m i n u t e s ,  s e c o n d s  of maneuver 
(hhmmss.ssss) 

6 0 - R O  Rlank  

One c a r d  i i i i l s t  be  s u p p l i e d  f o r  e a c h  maneuver. A s s o c i a t e d  

IMPULSE and MANMASS keyword c a r d s  i i i i i s t  a l s o  be u s e d .  

4-119 
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MANUKPT 
(PFKOPT) 

MANURPT 

0 Card format: (A8. 313. 3G21.14) 

0 Applicable programs: FILERPT. EPHEM 

0 Detailed format: 

Columns Format Desc c i P t ion 

1- 8 A8 MANURPT--keyword to specify a r e p o r t  of 

9-11 I3 Directory report indicator: 
the Impulsive Maneuvers File 

= 0. do not print directory report 
= L. print maneuver data 

= 0, d o  not print 
= 1. p r i n t  r e p o r t  

12-14 I3 Data report indicator 

15- 17 Blank 
18-38 G21.14 Satellite ID (required if column 14 = 1) 

39-59 G21.14 Start time (required if column 14 = 1) 
= yymmddhhmmss. s s s s  

60-80 G21.14 End time (required if column 14 = 1) 
= yymmddhhmmss.ssss 

This card may be included only once per PFROPT subdeck. 

4-120 
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MAPTIMES 
(DCOPT) 

c 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 A0 MAPTIMES--keyword to map the epoch 
covariance matrix to other times 

9-11 I3 . Standard deviation breakdown is to be 
carried out: 
= 1, yes 
= 2, no (default) 

12-14 I3 Coordinate system in which sensitivity 
breakdown is to be performed: 
= 1, Cartesian (d.efault) 
= 2, Keplerian 
= 3, orbit plane 

15-17 I3 Mapped covariance matrix is at the last 
mapping time to be printed: 
= 1, yes 
= 2, no (default) 

18-38 G21.14 Mapping start time (yymmddhhmmss.ssss) 
39-59 G21.14 Mapping end time (yymmddhhmmss.ssss) 
60-80  G21.14 Mapping time interval (seconds) 

The real fields must be specified. There are no default 
values for start time, end time, or ma.pping time interval. 

4-121 
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MAS s 
(OGOPT) 

MASS 

e Card format: (A8 ,  313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

e Detailed format: 

1-8 

9-11. 
12-14 
.lS-17 
18-38 

39-59 
60-80 

Format 

A8 

I3 
I3 
I3 
G21.14 
G21.14 
G21.14 e ’  

DescriDtion 

MASS--keyword to set the spacecraft 
mass (kg) by flight section 
Flight section I 
Flight section J 
Flight section K 
Spacecraft mass (kg) for section I 
Spacecraft mass (kg) for section J 
Spacecraft mass (kg) for section K 

The spacecraft mass for section one is normally set by using 
the SCPARAM keyword card. Specifying section one o n  this 
card will cause this initial mass to be overridden. A 

maximum of 10 flight sections is allowed. 

149 
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MASSRATE 
(OGOPT) 

MASSRATE 

e Card format: ( A 8 ,  313, 3621.14) 

e Applicable programs: EPHEM, DC 

e Detailed format: 

Columns 

1-8  

9-11 
12-14 
15-17 
18-38 

39-59 
60-80 

A maximum 

Format DescriDtion 

A8 MASSRATE--keyword t o  set the spacecraft 

I3 Flight section I 
13 Flight section J 
I3 Flight section K 
G21.14 Spacecraft mass (kg/sec) for section I 
G21.14 Spacecraft mass (kg/sec) for section J 
G21.14 Spacecraft mass (kg/sec) for section K 

mass rate by flight section 

of 10 flight sections is all-owed. 

4-123 
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MAXDEGEQ 

* 0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format 

MAXDEGEQ 
(OGOPT) 

1-8 A8 MAXDEGEQ--keyword to set the maximum 
degree to be used in evaluating the 
nonspherical potential of the central 
body when evaluating the equations of 
motion of the satellite 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I 3  Flight section K 
18-38 G21.14 Maximum degree of  potential for 

equations of motion for section I 
(0 N 21, default = 4) 

equations of motion for section J 
(0 N L 21, default = 4) 

equations of  motion for section K 
(0 5 N 2 21, default = 4) 

39-59 G21.14 Maximum degree of potential f o r  

60-80 G21.14 Maximum degree of potential for 

A maximum of  10 flight sections is allowed. 
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MAXDEGVE 
(OGOPT) 

MAXDEGVE 

0 Card format: (A8 ,  313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format 

1-8 A8 

9-11 I3 
12-14 13 
15-17 I3 

10-38 G21.14 

39-59 G21.14 

60-80 G21.14 

Description 

MAXDEGVE--keyword to set the maximum 
degree of the nonspherical potential to 
be used for the variational equations 
(The degree must be less than or equal 
to the degree of the equations of 
motion on the MAXDEGEQ keyword card.) 
Flight section I 
Flight section J 
Flight section K 
Maximum degree for section I 
(0 5 N 5 21, default = 2) 

Maximum degree for section J 
(0 5 N 2 21, default = 2) 
Maximum degree ‘for section K 
(0 L N 5 21, default = 2) 

A maximum of 10 flight sections is allowed. 

149 
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MAXOBS a 
(DMOPT) 

MAXOBS 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC, DATAMGT 

0 Detailed format: 

Columns Format 

1-8 A8 

9-17 
1 8 - 3 8  G21.14 

39-00 

\ 
\ 

DescriDtion 

MAXOBS--keyword to set the maximum 
number of observations to be accepted 
from 'the 60-byte observation tape o c  
data base 
Blank 
Maximum number of observations to be 
processed (default = 8000, maximum = 
8 0 0 0 )  

Blank 

4-126 
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MAXORDEQ 
(OGOPT) 

MAXORDEQ 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns 

1-8 

9-11 
12-14 
15-17 
18-38 

39-59 

60-80 

Format 

A0 

I3 
I3 
I3 
G21.14 

G21.14 

G21.14 ' 

A maximum of 10 flight sections is allowed. 

DescriDtion 

MAXORDEQ--keyword to set the maximum 
order of the nonspherical potential to 
be used for the equations of motion 
Flight section I 
Flight section J 
Flight section IC 
Maximum order for section I 
(0 5 N 2 21, default = 4) 

Maximum order for section J 
(0 L N 21, default ,= 4) 
Maximum order fox section K 
(0 L N 5 21, default = 4) 
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MAXORDVE 
(OGOPT) 

MAXORDVE 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 DetaJled format: \ 

Format Description - Columns 

1-8 A8 

9-11 I3 
12-14 I3 
15-17 I3 
18-38 G21.14 

39-59 G21.14 

60-80 G21.14 

MAXORDVE--keyword to set the maximum 
order of the nonspherical potential to 
be used for the variational equations 
(The order must be less than or equal 
to-the order of the equations of motion 
on the MAXORDEQ keyword card.) 
Flight section I 
Flight section J 
Flight section K 
Maximum order f o r  section I 
(0 5 N 5 21, default = 0) 

Maximum order for section J 
(0 N 5 21, default = 0) 

Maximum order for section K 
(0 N 5 21, default = 0) 

A maximum of 10 flight sections is allowed. 
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MAXSECT 
(OGOPT) 

MAXSECT 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format 

1-8 A8 

9-11 I3 
12-80 

DeSCriDtiOn 

MAXSECT--keyword to set the number of 
flight sections 
Number of sections (default = 1) 
Blank 

A maximum of 10 flight sections is allowed. 
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MEANEL 

0 Card format: ( A 8 ,  313, 3G21.14) 

MEANEL 0 
( OGQPT ) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Fo rma t Description 

1-8 A8 MEANEL--keyword to set the numerical 
osculating-to-mean element conversion 
options 

= 1, time-regularized Cowell (default) 
= 2, Cowell 

12-14 I3 Number of orbital revolutions averaged 
over (default = 1) 

15-17 - Blank 

9-11 13 Orbit generator type: 

18-38 'G21.14 Step size used in ORBIT File generation 
(default = 150 steps per revolution for 
time-regularized Cowell and the period 
in seconds divided by 150 for Cowell) 

39-80 Blank 

The total number of steps used in the temporary ORBIT File 
for averaging must not be greater than 1880 because of the 
size of the file specified in the GTDS JCL procedure. 

For the time-regularized Cowell orbit generator, the total 
number of steps is computed by multiplying the number of or- 
bital revolutions averaged over (columns It through 14) by 
the number of steps per revolution (columns 18 through 38): 
If the number of steps per revolution in columns 18 through 
38 is left blank, the number of orbital revolutions averaged 
over should be no greater than 12. 

For the Cowell orbit generator, the period of the satellite 
should be divided by the step size in seconds (columns 18 

4-130 
149 



DOC. NO. REV. NO. 
SD-85/6738 2 

MEANEL. 
(OGOPT) 

t h r o u g h  38) t o  o b t a i n  t h e  a p p r o x i m a t e  number of  s t e p s  per 
r evo  Lut i o n .  

T h a t  v a l u e  s h o u l d  t h e n  b e  m u l t i p l i e d  by t h e  number of 
o r b i t a l  r e v o l u t i o n s  averaged o v e r  (columns 1 2  t h r o u g h  1 4 )  t o  
e n s u f e  t h a t  t h e  t o t a l  number of s t e p s  i s  n o t  g rea te r  t h a n  
1880. I f  t h e  s t e p  s i z e  is  l e f t  b l a n k ,  t h e  number of o r b i t a l  
r e v o l u t i o n s  a v e r a g e d  o v e r  s h o u l d  be no greater t h a n  12. 
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MIXPAIR e 
(DMOPT) 

MIXPAIR 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 MIXPAIR--keyword to mix a pair of 
Statistical Output Report Categories as 
a single SOR category 

9-11 

12-14 

15-17 

I3 Observation type number (see 
Appendix A, Table A-2) with the 
following exceptions: 
= 11. XY parabolic X85 
= 12, XY p a r a b o l i c  Y85 
= 17, SRE X14 
= 18, SRE Y14 
= 42, ATSR sidetone range 

I3 Tracker type number (see Table 4-1) 
with the following exceptions: 
= 4, SRE X14, Y14 
= 5, SRE X30, Y30 and UBS 8 5  range and 

range rate 
= 6, SRE X85, Y8S 

I3 Equipment mode indicator (applies only 
to Minitrack data and ATSR relay data): 
= 0, Minitrack equatorial mode 
= 1, Minitrack polar mode 
= 2, satellite PLL mode 
= 3, Satellite crystal mode 
= 41 ground crystal mode 
= 5, ground PLL mode 
Frequency band indicator (applies to 
TDRSS one-way or two-way Doppler data 
from user spacecraft but not t o  user 
ground transponders) : 
= 1, S-Band 
= 2, K-Band 
Multiple access indicator (applies t o  
TDRSS beam angle): 
= 1, single access (or undefined) 
= 2, multiple access 
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Co liimns Format 

MIXPAIR 
(DMOPT ) 

18-38 G21.14 Data r a t e  i n d i c a t o r  ( a p p l i e s  o n l y  t o  
ATSR r a n g e  r a t e  data  i n  s i d e t o n e ,  
c o h e r e n t  and  ground r e l a y  mode): 
= 4, data  r a t e  i s  6 per minu te  
= 0 ,  a l l  o t h e r s  
For  o t h e r  ATSR data  t y p e s :  
= 0 ,  f o r  a l l  da ta  fa tes  

h y b r i d ,  o r  d i f f e r e n c e d  one-way Doppler  
from ground t r a n s p o n s e r  bu t  n o t  u s e r  
spacecraf t ) :  
= 1, data  r a t e  greater  than  4 0  o b s e r v a -  

t i o n s  pee m i n u t e  ( A t  less t h a n  
1.5 s e c o n d s  p e r  o b s e r v a t i o n )  

= 2 ,  da ta  r a t e  less t h a n  O K  e q u a l  t o  4 0  
o b s e r v a t i o n s  per minu te  bu t  g r e a t e r  
than 9.23 o b s e r v a t i o n s  per m i n u t e  
( A t  greater  t h a n  o r  e q u a l  t o  
1.5 s e c o n d s  bu t  less t h a n  6 . 5  sec- 
onds  p e r  o b s e r v a t i o n )  

9 . 2 3  o b s e r v a t i o n s  p e r  minu te  ( A t  
grea ter  t h a n  OK e q u a l  t o  6 . 5  sec- 
onds p e r  O b s e r v a t i o n )  

F o r  TDRSS Doppler  d a t a  (two-way, 

= 3 ,  da t a  r a t e  less t h a n  or e q u a l  t o  

F o r  o t h e r  TDRSS da ta  t y p e s :  
= 0 ,  f o r  all data  ra tes  

39-59 Blank  
6 0 - 8 0  G21.14 Input d two digit number I J . 0  where 

I = number i n  p a i r  (1 of 2 )  
J = p a i r  number ( L ,  2 ,  O f  3 )  

A maximum of three p a i r s  of SOR c a t e g o r i e s  can be mixed. 
SOR c a t e g o r i e s  based  on receive s t a t i o n  acronym o r  TDRSS 

ground t r a n s p o n d e r  i n d e x  number (see CHWT keyword card)  
c a n n o t  b e  mixed. 
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MODDC 
(DCOPT) 

MODDC 

0 Catd format: (A8,  3 1 3 ,  3 G 2 1 . 1 4 )  

0 Applicable programs: DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 A8 MODDC--keyword to indicate that the 
Marquardt algorithm (see Sec- 
tion 3 . 2 . 1 . 7 )  will be used 

inclusive, that multiplies the value of 
when divergence occurs in the 
differential correction procedure 

9 - 1 1  I 3  Constant value between 2 and ‘LO, 

12-17 Blank 
1 8 - 3 8  G 2 1 . 1 4  Initial value of X in the enhanced 

differential correction mode. The 
suggested range is 0.0 to 1.0 
(default = 0.0). 

3 9 - 5 9  G 2 1 . 1 4  Critical value of RMS relative change. 
The value of X is halved when the 
change in RMS falls below the critical 
value. The suggested range is f r o m  
0.001 to 1.0 (default = 0.0). 

less than its cutoff value, it  is set 
equal to zero. Suggested range is from 

6 0 - 8 0  G 2 1 . 1 4  Cutoff value of A. When X becomes 

0.1x to 0.00001~ (default = 0.0). 

4 - 1 3 4  
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NCBODY 
(OGOPT) 

NCBODY 

0 Card f o r m a t :  ( A 8 ,  3 1 3 ,  3 6 2 1 . 1 4 )  

0 A p p l i c a b l e  programs:  EPHEM, DC 

0 Detailed f o r m a t :  

Columns Format  D e s c r i p t i o n  

1-8 A8 NCBODY- - keyword t (3 se t  no ncen  t r a 1 

9 - 1 1  I 3  F l i g h t  sect i o n  number 
b o d i e s  f o r  each s e c t i o n  

1 2 - 1 4  I 3  N o n c e n t r a l  body i n d i c a t o r  ( i n t e g e r )  
15-17 I3 NOnCentKal body i n d i c a t o r  ( i n t e g e r )  
18-38 G 2 1 . 1 4  N o n c e n t r a l  body i n d i c a t o r  ( r e a l )  
3 9 - 5 9  G 2 1 . 1 4  N o n c e n t r a l  body i n d i c a t o r  ( r e a l )  
6 0 - 8 0  G 2 1 . 1 4  N o n c e n t r a l  body i n d i c a t o r  (real) 

A second  NCBODY card i,n t h e  same f o r m a t  may b e  used  t o  
s p e c i f y  a t o t a l  of e i g h t  t i o n c e n t r a l  b o d i e s  p e r  s e c t i o n .  

The d e f a u l t  f o r c e  model i n c l u d e s  t h e  e f f e c t s  of t h e  Moon a n d  

Sun. To t u r n  o f f  these e f f e c t s ,  t h e  u s e r  would s p e c i f y  a 
z e r o  i n  t h e  second  and t h i r d  i n t e g e r  f i e l d s .  

Body i n d i c a t o r s  a re  s p e c i f i e d  i n  Appendix B. 

1 4 9  
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(DMOPT) 

NOIMSN 

0 Card format: (A8 ,  313, 3621.14) 

0 Applicable programs: 

0 Detailed format: 

Ca lumns Format Description 

1-8 A8 NOIMIN--keyword to set minimum valid 

9-17. Blank 
points to perform noise analysis 

18-38 GZ1.14 Minimum number of points (default = 

39-80 Blank 
0.DO) 
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NO1 s * * * * 
(DMOPT) 

NOIS* * * * 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 A0 NOIS****--keyword to set SOR noise 
determination criteria, where the 
asterisks optionally designate a 
tracker acronym or tracking system 

= 0, VDNA (variate difference noise 

= 1, DDNA (divided difference noise 

9-11 I3 Noise evaluation technique: 

analysis) (default) 

analysis) 
12-14 I3 Maximum number of internal edit loops 

for a given order (difference level) of 
noise determination 
< 0, do not perform any editing 
= 0, use default value (default = 3) 

C 0, do not perform noise evaluation 
15-17 I3 Maximum order allowed 

(set noise statistics equal to 
calibration statistics if latter 
are generated) 

9 0, use default value (default = 9) 

identical to definition for columns 
18-38 of A B B ~ * * * * '  card 

18-38 G21.14 Selection specifications TTMR; 

39-59 G21.14 Convergence criteria (order level) 

= 0, use default value (default = 0.10) 
(value C outside range 0.0 C 
1.0 is not defined) 

' constant 

60-80 G21.14 Sigma edit criterion used for internal 
edit l o o p s  
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NOMBOUND 0 
(OGOPT) 

NOMBOUND 

0 'Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 NOMBOUND--keyword t o  set the nominal 
truncation error bound for step size 
control 

9-11 13 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 
18-38 G21.14 N o m i n a l  truncation error bound for 

39-59 G21.14 Nominal truncation error bound for 

6 0 - 8 0  G21.14 Nominal truncation error bound for 

section I 

section J 

section K 

A maximum of LO flight sections is allowed. 

The initial value of the nominal error bound for all 
sections can be set to the same value by using the TOLER 

keyword card, at the user's option. This value is 
overridden for specified flight sections by using the 
NOMBOUND keyword card. 
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NPQPAR 
(OGOPT ) 

NPQPAR 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 NPQPAR--keyword to set Brouwer (drag 
coefficients) Np,q values, and solve 
for switches 

9-11 I3 solve for indicator: 

priori Np,q value) 

retrieved values. (Values from 
columns 18 through 38 and 39 
through 59 are ignored.) 

N E 4  
= 1, do not so lve  for (only apply the a 

= 2, solve for and apely Np,qs 
= 3, solve for and apply Np,qs from 

12-14 I3 Value o €  p of Np,q (see Note 1) 
= 2, first order 
= 3, second order 

15-17 I3 Value of q of Np,q (see Note 1) 

18-38 G21.14 Time to start applying this Np,q 

39-59 G21.14 A priori value of Np,q (default = 0.0) 
60-80 G21.14 , Time to start applying N ,q in a DC 

= 0 ,  1, ..., OK 13 

YYMMDDHHMMSS.SSS (see Note 2) 

Program run with advance: epoch time or 
in an EPHEM Program run (see Note 3) 

NOTES: 1. A maximum of 14 NPQPAR cards can be included 
with any combination of p = 2, 3 in ascending 
order and also q = 0, 1, 2, ..., 13 in ascending 
order. 

2. For the DC case only, the field is left blank in 
the EPHEM case. 

3. If there is no epoch advance, this field must be 
identical to R1 field (columns 18 through 3 8 ) .  
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OASENSOR 
(DCOPT) 

OASENSOR 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: DC, DATASIM 

0 Detailed format: 

Columns Fo rma t DescciPtion 

1-8 A8 OASENSOR--keyword that sets attitude 
sensor data values and options 

9-11 I3 Determine tCUe-EaKth horizon crossings: 
= 1, yes (default) 
= 2 ,  no 

12-17 Blank 
18-38 G21.14 Spin rate of satellite (revolutions per 

minute) (de€aul't = 7.155 for the Small 
. Scientific Satellite (SSS)) 

- 39-59 GZ1.14 Sensor mounting angle (degrees 1 
(default = 134.6 for the SSS) 

ODAP t o  determine the ttue-Earth 
horizon crossings pattern (seconds) 
(default = 300.0) 

60-80 G21.14 Time rate at which to call subroutine 

4-140 
149 



DOC. NO. REV. NO. 
SD-85/6738 2 

m 

OBSCORR 
(DCOPT) 

OBSCORR 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC, DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 

9-ii 

12-14 

15-17 

18-38 

39-59 

60-80 

NOTES : 1. 

A8 OBSCORR--keyword to set observation 
correction parameters 

I3 Frequency at whiclh observation 
corrections are updated by iteration 
(default = 0, no corrections are 
applied) 

I3 Iteration number at which the first set 
of observation corrections are 
recomputed (default = 1) 

conjunction with the Bent Ionospheric 
Model: . 
= 0, use analytic calculation (default) 
= 1, use numerical integration 
= 2, include effects of ionospheric 

I3 Integration indicator used in 

gradients for refraction correc- . 

t ions 
G21.14 Packed word (see Note 1) for correction 

request for all stations 
(default = 22222.10) 

calculations (default = 6.0 degrees) 

observation correction flags in each 
60-byte observation record 
(default = 22222.0) 

A 5-digit number IJKLM (I = light time 
correction, J = ionospheric correction, 
K = tropospheric refraction correction, 
L = antenna refraction correction, 
M = transponder delay correction) sets the 
corrections switches for ALL stations. A value 
of 1 implies the correction will be made: a 

G21.14 . Minimum angle for refraction correction 

G21.14 Packed word (see Note 2) for overriding 
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2.  

OBSCORR 
(DCOPT) 

value of 2 implies the correction will not be 
made, If it  is desired to change the correction 
settings for given stations, station 6 cards 
must be used to override the packed word. 

The two models in GTDS for computing the 
refraction corrections are the Bent model and 
the Novak model. The default model is the Bent 
model. The user can override the default 
through proper input on a WORKIONO keyword card 
in a DMOPT subdeck. If the ionospheric 
refraction switch is turned on, a WORKIONO 
keyword card is required to build an Ionospheric 
Refraction Working File. 

Currently, only the tropospheric reftaction 
correction flag can be overridden. When a 
tropospheric refraction correction is requested 
and this field is ignored O K  s e t  to 22222.0, the 
correction will be made only if the flag in the 
60-byte observation record indicates t h a t  the 
correction has not been made at the 
preprocessing stage. (For 60-byte laser data, a 
tropospheric refraction correction has normally 
already been made in the preprocessing stage.) 

When a tropospheric refraction correction is 
requested and this field, is set to 22122.0, the 
refraction correction flag is overridden and the 
tropospheric refraction correction is applied 
regardless of the value of the flag. The user 
should be aware that setting this field to 
22122.0 could result in a correction being 
applied to data that have already been corrected. 
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OBSDEV 
(DMOPT) 

OBSDEV' 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC, DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 A8 OBSDEV--keyword to set the input 
observation noise standard deviation 
for observations in the 60-byte format 
when the SOR is not requested and f o r  
observations in the 100-byte format 

9-11 I3 Weight index I 
12-14 I3 Weight index J 
15-17 I3 Weight index K 
18-38 G21.14 Noise standard deviation .for weight 

index I (See Appendix A, Table A-2, for 
the weight index and default values.) 

index J (See Appendix A, Table A-2,. for 
the weight index and default values.) 

index K (See Appendix A, Table A-2, for 
the weight index and default values.) 

39-59 G21.14 Noise standard deviation for weight 

60-80 G21.14 Noise standard deviation for weight 

Units are meters for range, centimeters per second for range 
rate, hertz for ATSR coherent and relay range rate, seconds 
of arc for angles, and cosine values for minitrack angles. 
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OBSINPUT 0 
(mandatory) 

OBSINPUT 

0 Card format: (A8,  313, 3G21.14) 

0 Applicable programs: DC, EARLYORB 

0 Detailed format: 

Columns Format Description 
> 

1-8 A0 OBSINPUT--keyword to specify 

9-11 I3 Source of input observations 

LS-17 13 Source of input observations 
18-38 G21.14 Start time of observations span 

observations input sources 

12-14 13 Source of input observations _. 

(yymmddhhmm8s.s~~~) (default = run 
epoch) 

(yymmddhhmmss.ssss) (default = run 
epoch plus 3 months) 

(applicable only when processing ATS 
satellite-to-satellite tracking data) 

39-59 G21.14 End tine of observations span 

60-80 G21.14 Satellite ID for second satellite 

There are no default input observation sources. Any desired 
source must be specified. If more than three sources are 
required, multiple OBSINPUT cards must be used. There are 
two options for entering observation sources. Option 1 is 
used when there is no SST involved. Option 2 is used when 
t h e  case involves SST. The two options can be intermixed, 
but only one indicator from option 2 may be used on any set 
of OBSINPUT cards. No source number may be used in both 
options. this card must not be used in any program input 
deck that contains a WORKOBS keyword card in the DMOPT 
subdeck. The source numbers f o r  options 1 and 2 follow. 

4 - 1 4 4  
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Option 1 

Source 
Number 

1 

2 

3 

4 

5 

6 

Source 

GTDS observations 
tape (FT29) 
GTDS observations 
disk (FT31) 
DODS observations 
tape (FT30) 
Real-time 60-byte 
metric tracking 
data file (partial 
batch) 
GTDS card file 
(FTLS) 

Attitude sensor 
(optical aspect) 
nine-track tape 
(FT94) 

DOC. NO. REV. NO. 
SD-85/6738 2 

OBSINPUT 
(mandatory) 

Number Source 

7 G-WWW tape, 9-track 

8 60-byte data base 

9 PCE ORB1 tape (FT24) 

(FT40) 

(FT96) 

10 Landmark data card 
file (FT15) 

11 Observations working 
file previously 
created (FT17) 

Handler (GDH) 60-byte 
format tape (FT91) 

12 Generalized Data 

Option 2 

Option 2 must be used whenever 

1. Satellite-to-satellite tracking for ATS is involved 

2. TDRS tracking data is involved (,this includes 
satellite-to-satellite data, relay tracking of 
ground transponders, and direct tracking of a TDRS 
relay satellite): 
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OBS INPUT 
(mandatory) 

a. - ATS--the source indicator IJK is a packed 
int eger 

where I indicates source of the satellite-to- 

. J indicates source~of ATS tracking data 
satellite relay data 

K indicates source of target satellite 
tracking data 

b. - TDRS--the source indicator IJK is a packed 
integer 

where I indicates -source of the satellite-to- 
satellite relay data and relay-ground 
tracking 

J indicates source of direct tracking of 
the TDRS relay satellites 

K indicates source of target satellite 
tracking data 

The following source numbers apply to I, J, and K: 

Source 
Number Source 

1 
2 

8 

No data of this type 
GDH tape (FT91) 
60-byte data base (FT96) 

Specifying a 1 in any integer means that data will not be 
searched for on any input source. 

Examples 

Column 1 
OBSINPUT 

11 

818 

20 

start time 
4 0  

end time 

4 - 1 4 6  
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OBSINPUT 
(mandatory) 

Option 2 (Cont'd) 

Specifies that ATS or TDRSS satellite-to-satellite data will 
be found on the 60-byte data base (source 8 ) ,  there will be 
no direct tracking of the relay satellites requested, and 
the source of the direct tracking of the tar.get satellite 
will be the 60-byte data base. 

Column 1 11 20 4 0  

OBSINPUT 818 start time end time 

Specifies that ATS or TDRSS satellite-to-satellite data will 
be found on the 60-byte observation tape (source 2) and 
there will be no direct tracking of either the relays or 
target satellite. 

NOTE: The use of real-time 60-byte (source number 4) data 
must be indicated under Option 1. Source number 4 is 
not a valid entry under Option 2; real-time tracking 
data for a TDRS run may be obtained by intermixing 
Option 2 and Option 1, with source number 4 
specified. More specific control over the real-time 
data source is provided by the keyword cards 
RTPARAMS, RTSATID, RSTA****, and RSYS****. 

4 - 1 4 7  
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OBSNUME 
( manda t o r y ) 

Card format: (A8 ,  313, 3G21.14) 

0 Applicable programs: EARLYORB 

0 Detailed format: 

Columns Format ' DeSCtiDtiOn 

1-8 

9-11 
12-14 
15-17 
18-38 
39-59 

. '  6 0 - 8 0  

A8 OBSNUME--keyword to select observation 
numbers for the EARLYORB Program (see 
Note) 

13 GTDS observation type 
I3 ' GTDS observation type 
13 GTDS observation type 
G21.14 Observation time (yymmddhhmmss,ssss) 
G21.14 Observation time (yymmddhhmmss.ssss) 
G21.14 Observation time (yymmddhhmmss.ssss) 

- NOTE: See the OBSINPUT keyword card for the observation 
source selection. The minimum number of observations 
is six and the maximum is 48. 
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OGOPT 
(subdeck identifier) 

OGOPT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC, EARLYORB, DATASIM 

0 Detailed format: 

Columns Format Description 

1-8 A8 OGOPT--keyword to initiate the OGOPT 

9-80 Blank 
subdeck 

The OGOPT subdeck can contain the following optional keyword 
cards: 

APOFOCAL 
ATMOSDEN 
ATTANG 1 
ATTANGZ 
ATTANG3 
ATTPAR 
AUTOFORC 
AVERAGE 
BDROTATE 
BODYRAD 
CBODY 
CNM 
COVARNC 
DECLVAR 
D I STCB 
DISTNCB 
DRAG 
DRAGCOF 
DRAGPAR 

DRAGPOLY 
EPHQLCRT 
FLATCOEF 
GMCON 
HARMON I C 
HISTPLOT 
HSTSCALE 
IMPULSE 
INTEG 
INTEROUT 
INTMODE 
LNDPAR 
LOWBOUND 
MANMASS 
MANTIME 
MAXDEGEQ 
MAXDEGVE 
MAXORDEQ 
MAXORDVE 

MAXSECT 
MEANEL 
NCBODY 
NOMBOUND 
NPQPAR 
OUTBODY 
OUTCOORD 
OUTOPT 
OUTPART 
OUTTYPE 
PICBIAS 
POLAR 
POTF I ELD 
RAPRIME 
RAT I ME 
RCACB 
RCANCB . 
RESTART 
ROLLVAR 

RTASCVAR 
SCPARAM 
SCPARAMZ 
SHELLRAD 
SNM 
SOLRAD 
SOLRDPAR 
SPHERE 
SPHINF 
STATE PAR 
STATETAB 
STEPSIZE 
THRSTCOF 
THRSTPAR 
THRSTVAR 
THRUST 
TIMES 
T I MREG 
TIMREGDV 
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DOC. NO. R E V .  NO, 
SD-85/6738 2 

TITLE TOLER UPPBOUND 
TOE' TWOBODY VAREPHEM 

OGOPT 
(subdeck i d e n t i f i e r )  

The OCOPT subdeck must terminate with an END ke.yword card. 

The OGOPT subdeck must precede the DCOPT subdeck in a 
DATASIM of an ANALYSIS run, 

149 
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DOC. NO. REV. NO. 
SD-85/6738 2 

ORBTYPE 
(mandatory) 

ORBTYPE 

. 0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC, 

0 Detailed format: 

Columns Format Description 

1-8 A8 ORBTYPE--keyword to select the orbit 

9-11 I3 Orbit generator type (See Table 4-5 for 
generator type 

types and additional options.) 
12-14 I3 See Table 4-5 
15-17 I3 See Table 4-5 
18-38 G21.14 See Table 4-5 
39-59 G21.14 See Table 4-5 
60-80 G21.14 See Table 4-5 

Notes for ORBTYPE options are as follows: 

0 Integration step modes: 

1 - Fixed step (default) 
2 - Regular variable step 
3 - Shell mode variable step (not available for VOP 

orbit generators) 
4 - Halving-doubling 
Tolerance for the automatic variable step options 
(2 - regular variable step, and 4 - 
halving-doubling) are specified by the TOLER, 
LOWBOUND, UPPBOUND, and NOMBOUND keywords. 

The radial distances and corresponding step sizes 
for the semiautomatic variable step option 
(3 - shell mode variable step) are specified on the 
SHELLRAD card. 

4-151 
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DOC. NO. REV. NO. 
SD-85/6738 UD1 2 

. .  

ORBTYPE 
( ma nda to r y ) 

0 Coordinate system orientation 
1 - Mean equator and equinox o'f 1950.0 (default) 
2 - True of reference (Precession and nutation are 

ignored in coordinate transformations during 
integration. Therefore, this coordinate system 
orientation is only desirable when the 
integration span is short and the span is in 
proximity to the reference date (see 
Reference 2, page 3-18). 

3 - Mean equator and equinox: of 52000.0 (see Note) 
- 0  Time regularization constant (n)--The types of 

independent variables in time regularization are 
defined by 

n 
ds - m l l n t 2  dt f - - -  

Where n = 1 indicates the independent variable is 
related to the eccentric anomaly and 

n = 2 indicates true anomaly. 

0 Type of VOP parameter: 

1 =  
2 =  

3 =  

4 =  

s =  
6 =  

7 =  

8 =  

12 = 

18 = 

Dallas 
equinoctial (mean longitude) 
equinoctial (eccentric longitude) 
Ideal (true longitude) 
Ideal (eccentric longitude) 
Kus taanhe imo,S t ief el (KS ) 
Delaunay-Similar (DS) 
Kepler ian 
averaged equinoctial 
averaged Keplerian 
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DOC. NO. REV. NO. 
SD.-85/6738 UD1 2 

ORBTYPE 
(mandatory) 

0 Level of PTOF 

-1--Use level with latest possible start time 
Other--Use level specified (cannot be zero or blank) 

- NOTE: Only one level is used for the EPHEM program: 
more than one level may be used for the DC 
program. For the DC program, the level number 
specified is the first (earliest) level used. .. FRN of PTOF 

Must be 71, 7 2 .  OK 7 3  

SPECIAL NOTES FOR TDRSS DC PROGRAM RUNS: 

Currently only the time-regularized Cowell and Cowell orbit 
generators are available for the user satellite. A scratch 
ORBIT Fi'le will be created on FORTRAN Unit 80, using one. of 
those orbit generators (see the TDRORB keyword card for more 
information). The coordinate system orientation specified 
in columns 15 through 17 will be used to create all scratch 
ORBIT Files in a TDRSS DC Program run (user satellite and 
relay satellite ORBIT Files). The scratch ORBIT File for 
the user satellite will be created with partial derivatives 
by default. Therefore, no JCL overrides are needed for 
unit 8 0 .  (See the TDRORB keyword card for more information.) 

0 

SPECIAL NOTE FOR NOMINAL EPHEMERIS OPTION (OPTION=l4): 

The nominal ephemeris file must be placed on FRN 24 in the 
JCL. 

SPECIAL NOTE FOR INTEGRATION IN 52000.0 COORDINATE SYSTEM: 

The 52000.0 SLP file must be attached to FT14 to integrate 
in the 52000.0 system. If this is not done, the integration 
coordinate system will default t,o the coordinate system of 
the SLP file. 

I 
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DOC. NO. REV. NO. 
SD-85/6738 2 

OUTBODY 
(OGOPT) 

OUTBODY 

0 Card format: (A8. 313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1- 8 A8 OUTBODY--keyword to set additional 
optional output reference bodies by 
flight sections 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 
18-38 G21.14 Indicator for reference bodies for 

libration coordinates outputs when Earth 
is the central body of integration. 
For the DC Program a number greater 
than OK equal to 16 for flight section 
one or any other section will generate 
libration coordinates as well as central 
body outputs. If the number is less 
than 16. only the central body output 
will be printed. 

4-155 - 
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DOC. NO. REV. NO. 
SD-85/6738 U D 1  2 

OUTCOORD .e 
(OGOPT) 

OUTCOORD 

0 Card f o r m a t :  (AB. 313. 3 G 2 1 . 1 4 )  

0 A p p l i c a b l e  programs:  EPHEM 

0 D e t a i l e d  f o r m a t :  

Columns Format D e s c r i p t i o n  

1- 8 A8 . OUTCOORD--keyword t o  set  t h e  o u t p u t  
. c o o r d i n a t e  system t o  o r i e n t a t i o n  by 

f l i g h t  s e c t i o n  
9 - 1 1  

12- 1 4  

I3  

I 3  

F l i g h t  s e c t i o n  I 

F l i g h t  s e c t i o n  J 

15- 17 I3  F l i g h t  s e c t i o n  K 
1 8 - 3 8  G 2 1 . 1 4  I n d i c a t o r  f o r  t h e  o u t p u t  c o o r d i n a t e  

system o r i e n t a t i o n  f o r  s e c t i o n  I :  
= 1. mean E a r t h  e q u a t o r  and e q u i n o x  of 

= 2. t r u e  of d a t e  o r  t r u e  of r e f e r e n c e  

= 3 ,  t r u e  of d a t e  o r  t r u e  of r e f e r e n c e ,  

= 4 ,  mean e c l i p t i c  and e q u i n o x  of 1950.0 
= 5 ,  t r u e  e c l i p t i c  and e q u i n o x  of d a t e  
= 6 .  mean E a r t h  e q u a t o r  and e q u i n o x  of 

1 9 5 0 . 0  

(see Note )  

body-f ixed  (see Note )  

1 9 5 0 . 0  and t r u e  of r e f e r e n c e  o r  
t r u e  of da te  (see Note)  

52000.0 
= 7 .  mean Ear th  e q u a t o r  and  e q u i n o x  of 

3 9 - 5 9  G 2 1 . 1 4  I n d i c a t o r  f o r  t h e  o u t p u t  c o o r d i n a t e  
system o r i e n t a t i o n  f o r  s e c t i o n  J :  
= 1, mean E a r t h  e q u a t o r  and e q u i n o x  of 

= 2, t r u e  of  da te  o r  t r u e  of r e f e r e n c e  

I 3.  t r u e  of d a t e  o r  t r u e  of  r e f e r e n c e ,  

= 4 .  mean e c l i p t i c  and e q u i n o x  of 1950.0 
= 5 .  t r u e  e c l i p t i c  and equ inox  of da te  
= 6 ,  mean E a r t h  e q u a t o r  and equ inox  of 

1 9 5 0 . 0  

(see Note )  

body-f ixed  (see N o t e )  

1950.0 and t r u e  of r e f e r e n c e  o r  
t r u e  of d a t e  ( see  N o t e )  

J2000.0  
= 7 ,  mean E a r t h  e q u a t o r  and equ inox  of 
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DOC. NO. REV. NO. 
SD-85/6738 U D 1  2 

OUTCOORD 
(OGOPT) 

Columns Format Description 

60-80 G21.14 Indicator f o r  the output coordinate 
system orientati.on for section K: 
t 1. mean Earth equator and equinox of 

= 2. true of date o r  true of reference 

= 3. true of date or true of reference, 

= 4 .  mean ecliptic and equinox of 1950.0 
= 5. true ecliptic and equinox of date 
= 6. mean Earth equator and equinox of 

= 7, mean Earth equator and equinox of 

1950.0 

(see Note) 

body-fixed (see Note) 

1950.0 and true of reference or 
true of date (see Note) 

52000.0 

A maximum of 10 flight sections is allowed. 

NOTE: This output will be TOD if integrating in the 1950.0 
system: otherwise, it will be in the true-of-reference 
system. 

149 
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DOC. NO. REV. NO. 
s~-a5/673a 2 

OUTOPT 

OUTOPT 
(OGOPT) 

0 Card format: ( A 8 ,  3x3, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format DescriDtion 

1- 8 A8 OUTOPT--keyword to select ephemeris 
output 

9-11 I3 Type of ephemeri-s file to be generated 
(see Note 1): 
t 0, ORBIT Fj.le on primary unit (see 

Note 1) 
s 1, ORB1 Fi1.e (9 track) on primary 

unit 
s 2. ORBl File (9 track) and ORBIT 

File on primary units 
s 3 ,  EPHEM File on primary unit (see 

Note 2) 
s 4, ORBIT File and EPHEM File on 

primary units 
s 5 ,  Ephemeris Data File Preparation 

(EDFP) File (see Note 3) 
s 20, ORBIT File on secondary unit 
s 21, ORBl File (9 track) on 

secondary unit 

File on secondary units (see 
Note 2) 

5 2 3 ,  EPHEM File on secondary unit 
= 24, ORBIT File and EPHEM File on 

secondary units (see Note 2) 
3 9 7 .  direct access input/output 

(DAIO) 
ORBIT File on unit 97 (see Note 
4 )  

= 98. DAIO ORBIT File on unit 98 (see 
Note 4 )  

= 99, DAIO ORBIT File on unit 99 (see 
Note 4 )  

= 197, ORBl File on primary unit and 
DAIO ORBIT File on unit 97 (see 
Note 4) 

22, ORB1 File (9 track) and ORBIT 
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DOC. NO. REV. NO. 
SD-85/6738 U D 1  2 

OUTOPT 
(OGOPT) 

Columns Format 

9-11 
(Cont a d )  

12- 14 

15-17 

I3 

I3 

D-esc r i p t i 0 n 

= 198, ORB1 F i l e  on p r imary  u n i t  and 

= 199, ORB1 F i l e  i n  p r imary  u n i t  and 

= 397, EPHEM F i l e  on primary u n i t  and 

= 398. EPHEM F i l e  on  p r imary  u n i t  and 

= 399, EPHEM F i l e  on p r imary  u n i t  and 

DAIO ORBIT F i l e  on  u n i t  98 (see 
Note 4) 

DAXO ORBIT F i l e  on u n i t  99 (see 
Note 4) 

DAIO ORBIT F i l e  on u n i t  97 (see 
Note 4) 

DAIO ORBIT F i l e  on u n i t  98 (.see 
Note  4) 

DAIO ORBIT F i l e  on u n i t  99 (see 
Note 4) 

For ORBIT F i l e  ( i . e . .  when v a l u e  i n  
columns 9 t h r o u g h  11 i s  0.  2 .  4. 2 0 .  
2 2 ,  24. 97. 98, 99, 197, 198, 199, 397. 
398. 399). p a r t i a l  d e r i v a t i v e s  s w i t c h  
(see Note 1): 
= 1, p a r t i a l  d e r i v a t i v e s  a r e  i n c l u d e d  
= 2, p a r t i a l  d e r i v a t i v e s  a r e  n o t  

For  EPHEM F i l e  ( i . e . ,  when the  v a l u e  i n  
columns 9 t h r o u g h  11 i s  3 or 23). 
c e n t r a l  body i n d i c a t o r  (see Appendix B 
f o r  body numbers ) (See  a l s o  Note 6) 
For ORBIT F i l e s  ( i . e . ,  when t h e  v a l u e  
i n  columns 9 t h r o u g h  11 of t h i s  c a r d  is 
0 .  2, 4. 20. 22, 24. 97, 98. 99, 197, 
198, 199, 397, 398. 399) (see Note 1): 
= 0 ,  s e q u e n t i a l  
f 0 .  i n d i c a t e s  t h e  l eve l  of d i r ec t  

access f i l e  t o  b e  g e n e r a t e d  
For EPHEM F i l e s  ( i . e . .  when t h e  v a l u e  
of columns 9 t h r o u g h  11 of t h i s  card i s  
3 or 23). t h e  c o o r d i n a t e  frame 
i n d i c a t o r  .(See Notes  5 and 6 ) :  
z I, mean of 1950.0 
= 2, TOD O K  t r u e - o f - r e f e r e n c e  ( d e f a u l t )  
= 3 ,  mean E a r t h  e q u a t o r  and equ inox  of 

i n c l u d e d  ( d e f a u l t )  

52000.0 
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Columns Format 

OUTOPT 
(OGOPT) 

18-38 G21.14 Start time of arc (yymmddhhmmss.ssss) 
39-59 G21.14 End time of arc (yymmddhhrnmss.ssss) 
6 0 - 8 0  G21.14 Output interval for O R B 1  or EPHEM File 

in seconds (default = 60 seconds) 

NOTES: 1. The ORBIT File will be referenced to the same 
central body and coordinate system as the 
integrator. The primary unit is the standard 
unit assignment when any output ephemeris file 
is needed. The secondary unit is used when a 
file is being generated for immediate use in the 
COMPARE Program. The FRNs for the files are as 
f 0 1 lows : 

Primary Secondary 
Unit Unit File 

19 86 0:RBIT disk file with 

20 88 ORBIT disk file without 
part ial der iva t ives 

partial derivatives 
21 

22 

82 ORBIT tape file with 
partial derivatives 

84 ORBIT tape file without 
partial derivatives 

24 81,83,85 ORB1 or EPHEM File 

54 None EDFP File 
87 

2. In stacked cases when multiple EPHEM files are 
generated, the FRN is circularly updated with 
each case starting with unit 24, then 81 
followed by 83, 85, 87. 
The user may specify the first unit to be 
written as unit 81 by setting the secondary 
EPHEM indicator. 

3. The EDFP File is an ephemeris data file for the 
PDP-11 computer. Further description of this 
option can be found in Section 3.1.7.3 of this 
document. 
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*OUTOPT 0 
(OGOPT) 

4. These options are valid for the EPHEM program 
only. The ORBIT File will be created by using the 
DAIO package. Since units 97, 98, and 99 are used 
for the scratch ORBIT Files and the end of DC 
Program output ORBIT Files in a TDRSS DC Program 
run, the OUTOPT card with the DAIO file options 
should not be used in a DC Program run. See the 
TDRFILES keyword description for the creation of 
the end of DC Program output ORBIT Files. 

date if the coordinate system orientation of the 
integrator specified on the ORBTYPE keyword card is 
nea.r the equator and equinox of 1950.0, or will 
default to Earth-centered true-of-reference i f  the 
coordinate system orientation of the integrator is 
true-of-reference. 

6. When on EPHEM file is written with an ORBIT O K  ORB1 
f'ile (i.e., when the value in columns 9 through 11 
is 4, 24, 397, 398, 399), the value in columns 12 
through 14 is the part.ial derivative switch and the 
central body indicator for the EPHEM file defaults 
to 1 (Earth). Similarly, the value in columns 15 
thtough 17 is taken as the ORBIT file organization 
indicator and the coordinate frame indicator f o e  
the EPHEM file defaults to 2 (true-of-date or 
true-of-reference). 

5. The EPHEM File defaults to Earth-centered true-of- 
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DOC. NO. REV. NO. 
SD-05/6730 2 

OUTPART 
(OGOPT) 

OUTPART 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: EPHEM 

0 Detailed format: 

Columns Format Description 

1-8 A0 OUTPART--keyword to set the output for 
state partial derivatives by flight 
section 

9-11 I3 Flight section I 
12-14 13 Flight section J 
15-17 I3 Flight section K 
18-30 G21.14 Partial derivative output option for 

section I: 
= 1.0, print partial derivatives of 

Cartesian state with respect to 
parameters (default) 

= 2.0, print partial derivatives of 
Keplerian state with respect to 
parameters 

z 3.0, print partial derivatives of 
spherical state with respect to 
parameters 

39-59 ,G21.14 Partial derivative output option for 
section J: 
= 1.0, print partial derivatives of 

= 2.0, print pastial derivatives of 

= 3.0, print partial derivatives of 

Cartesian state with respect to 
parameters (default) 

Keplerian :state with respect to 
parameters 

spherical state with respect to 
parameters 

149 
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DOC. NO. REV. NO. 
SD-85/6738 2 a. OUTPART 

(OGOPT) 

Columns Format DescriDtion 

60-80 G21.14 Partial derivative output option for 
section K: 
= 1.0, print partial derivatives of 

Cattesian state with respect to 
parameters (default) 

= 2.0, print partial derivatives of \ 

Keplerian state with respect to 
parameters - 3.0, print partial derivatives of 
spherical state with cespect to 
patameters 

Entering 1.0, 2.0, or 3.0 in the real fields (G21.14) will 
set the switch so that any partial derivatives computed by 
the orbit generator Will be printed for that particular 
section. For example, entering 2.0 will print partial 
derivatives of Keplerian state with respect to DC Program 
solve-for or consider parameters. 

This keyword is valid only with the Cowell integrator. 
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DOC. NO. REV. NO. 
SD- 8 5/ 673 8UD2 2 

OUTPUT 

0 Card format: ( A B ,  3 2 3 .  3G21.14) 

0 A p p l i c a b l e  proyrams:  EPHEM 

0 D e t a i l e d  f o r m a t :  

cs l u m t z s  F o  r ma t I l e s c r i p t i o n  

1- 8 A8 OUTPUT-- keyword t o  s p e c i f y  o r b i t  
gene ra to r  p r i n t e r  o u t p u t  

9-11 I3  O u t p u t  c o o r d i n a t e  s y s t e m  o r i e n t a t i o n :  
= 1. mean E a r t h  e q u a t o r  and  e q u i n o x  of 

1 9 5 0 . 0  
= 2. t r u e - o f - r e E e r e n c e  o r  TOD 

( i n e r t i a l )  ( d e f a u l t )  
= 3 .  t r u e - o f - r e E e r e n c e  o r  TOD 

( b o d y - f i x e d )  
= 4.  mean e c l i p t i c  and  e q u i n o x  of 1950 
= 5 .  TOD. e c l i p t i c ,  and  e q u i n o x  
= 6:mean E a r t h  e q u a t o r  and  e q u i n o x  of 

1950 .0  and trUe-of-Kefl?KenCe O K  
TOD ( i n e r t i a l )  

52000.0 

52000.0 and t r u e - o f - r e f e r e n c e  o r  
TOD ( i n e r t i a l )  

= 9. mean E a r t h  e q u a t o r  and  e q u i n o x  o t  
B1950: mean E a r t h  e q u a t o r  and  q u i -  
nox 52000.0 and t r u e - o f - r e f e r e n c e  
O K  TOD ( i n e r t i a l )  

B1950: mean E a r t h  e q u a t o r  a n d  c q u i -  
nox 52000. 

= 7. mean E a r t h  e q u a t o r  atid e q u i n o x  of 

= 8 .  mean E a r t h  e q u a t o r  and  e q u i n o x  of 

= 10. mean E a r t h  e q u a t o r  and  e q u i n o x  of 

12- 14 I 3  O u t p u t  reference s y s t e m :  * 
= 1. C a r t e s i a n  ( p o s i t i o n .  v e l o c i t y ,  

= 2 ,  C a r t e s i a n .  K e p l e ~ i a n ,  and  
1 a . t i t u d e .  l o n g i t u d e .  h e i g h t )  

s p h e r i c a l  ( d e f a u l t )  

*W!ien Ephemer i s  Element:; H i s t o r y  P l o t s  a r e  r e q u e s t e d ,  t h i s  
field must  be s e t  t o  2 .  

4-163 
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DOC. NO. REV.  NO. 
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Fo r ma t D e s c c i p t  i o n  

= 3 . Car tes  i n n .  K e p l e r  ia 'n.  sptrer  i c a l  
and iiiean ( o s c u l a t i n g  i n s t e a d  of 
mean when 1;tsing t h e  VOP i n t e g r a t o r  
a ve L- a CJ i ng t: y p e s  ; E a  r t h- c e n t  e r ed 
o u t p u t  o n l y )  

T h i s  f i e l d  iuay take the f o r m  LMN where  
L i n d i c a t e s  peri.gee/apogee p a s s a g e  
p r i n t o u t  (co lumn I Z ) ,  M i n d i c a t e s  
s p e c i a l  n o d a l  c r o s s i n g  p r i n t o u t  
(column 13), and N is d e f i n e d  above :  

L = 0, no p r i n t o u t  
= 1, p r i n t  pei:igee passage time 
= 2, p r i n t  a p o g e e  passage time 
= 3.  p r i n t  both passage times 

149 
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DOC. NO. REV. NO. 
- S D-fJ 5 / 6 7 3 8 2 -  

OIJTPtJ'L' II) 
( manda t o  cy)  

OUTPUT 

0 Card f o r m a t :  (A8, 3 1 3 .  3GZl.14) 

0 A p p l i c a b l e  programs:  EPHEM 

0 Deta i l ed  f O K f l L 3 t :  

Co 1 1 1  ni n s  Format D e s c r i p t i o n  

15-17 I3 

M = 0, no p r i n t o u t  
= 1, p r i n t  a t  a s c e n d i n g  nodes 
= 2.  p r i n t  a t  d e s c e n d i n g  nodes 
= 3 ,  p r i n t  a t  a s c e n d i n g  and  

d e s c e n d i n g  nodes 

O u t p u t  r e f e r e n c e  body ( o t h e r  than 
c e n t r a l  body) (see N o t e ) :  

= 2 ,  Sun 
= 4 ,  Moon 
= 8 ,  t a r g e t  body ( d e f i n e d  a s  c e n t r a l  

body of t h e  f i n a l  s e c t i o n )  
= 1 6 .  l i b r a t i o n  c o o r d i n a t e s  

= 1, Earth 

18-38 G21.14 Year.  month,  d a y  of end of p r i n t  a r c  

39-59 G21.14 Hours ,  m i n u t e s ,  s e c o n d s  of end of p r i n t  

60-80 G21.14 Outpu t  p r i n t  i n t e r v a l  ( s e c o n d s )  O K  

(yymmdd.0) 

a r c  (hhmmss .ssss )  

n o d a l  p r i n t  f r e q u e n c y  i f  column 13 0 
( i . e . ,  p r i n t  e v e r y  N t h  c r o s s i n g )  

The s t a r t  t i m e  of t h e  p r i n t  a r c  is  t h e  epoch  by d e f a u l t ,  o c  

i t  c a n  be set  u s i n g  t h e  keyword c a r d  TIMES i n  t h e  OGOPT 
:;iibdeck. 

The i n i t i a l  output, c o o c d i n a t e  sysL(?in o r i e n t a t i o n .  o u t p u t  
c o o r d i n a t e  s y s t e m  t y p e ,  and o u t p u t  r e f e r e n c e  body w i l l  be  

used f o r  all f l i g h t  s e c t i o n s  u n l e s s  o v e r ~ i d d e n  by t h e  
OIITCOOBD, OUTTYPE. and  OUTBODY keyword c a r d s ,  r e s p e c t i v e l y .  

4 - 1 6 4  
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OUTPUT 
(mandatory) 

When the coordinate system orientation used in the integra- 
tion is true-of-reference (as specified in colulpns 15 through 
17 of the ORBTYPE keyword), the output coordinate system 
orientation will be true-of-reference if a value of 2 (de- . 
fault) O K  3 is entered in columns 9 through 11 on the OUTPUT 
keyword card. Consequently, the precession and nutation 
will be ignored in the output. If the TOD coordinate system 
orientation is desired for the output, the coordinate system 
orientation for the integration specified on the ORBTYPE 
keyword card must be mean equator and equinox of 1950.0. 

- NOTE: Any combination of these bodies can be obtained if an 
inertial coordinate system is specified by summing the 
associated numeric codes (e.g., 5 = Earth-centered 
and lunar-centered output). 
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(OGOPT) 

OUTTYPE 

0 Card format: (A8,  313, 3622.14) 

0 Applicable gtOgKamS: EPHEM 

Detailed format: 

Columns FO Kma t DescriDtion 

1-8 A8 OUTTYPE--keyword to set the printer 
output reference system by flight 
section 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 
18-38 621.14 Output coordinate system type for 

section I: 
= 1, Cartesian 
= 2, Cactesian, Keplerian, and spherical 

(default ) 
39-59 (321.14 * Output coordinate system type for 

60-80  G21.14 Output coordinate system type for sec- 
section J: 

tion K: 
= 1, Cartesian 
= 2,'Cartesian, KepleKian, and spherical 

(default ) 

A maximum of LO flight sections is allowed. 

4 - 1 6 6  
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PARTRTMS 
(DCOPT) 

PARTRTMS 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 A8 PARTRTMS--keyword to specify options 
for the Partial Tracking Report (valid 
only in the consider mode) 

9-11 I3 Partial tracking standard deviation 
breakdown to be made: 
= 1, yes 
= 2, no (default) 

12-14 13 Coordinate system of sensitivity break- 
down: 
= 1, Cartesian (default) 
= 2, Keplerian 
= 3, orbit plane 

15-17 Blank 
18-38 G21.14 Partial tracking report start time 

(flmmddhhmmss.ssss) 
39-59 G21.14 Partial tracking report end time 

(yymmddhhmmss.ssss) 
60-80 G21.14 Partial tracking time interval i n  sec- 

onds (no default) 
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PASST IME 
(DCOPT) 

PASSTIME 

0 Card format: (A8,. 313, 3GZ1.14) 

0 Applicable programs: DC 

0 Detailed format: \ 

Columns Format DescriDtion . 

1-8 A8 PASSTIME--keyword to define a pass for 

9-11 I3 Pass type: 
pass-dependent biases 

= 0, pass-dependent biases 
t.1, specified length from statt of ob- 

servation 
12-17 B l a n k  

18-38 G21.14 Pass-def hition in seconds (time between 
successive observation for any station) 
(default = 10.016)' . 

39-80 Blank 
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PFROPT 
( subdeck  i d e n t i f i e r )  

PFROPT 

0 C a r d  fo rma t :  ( A 8 ,  313, 3G21.14) 

0 A p p l i c a b l e  programs: FILERPT, EPIIEM 

0 D e t a i l e d  fo rma t :  

Columns Format D€!SCKiDtiOn 

1-8 A0 PFROPT--keyword t:o s p e c i f y  p r o c e s s i n g  of 

9-80 Blank 
the  PFROPT subdeck 

The PFROPT subdeck c a n  c o n t a i n  t h e  fo l . lowing  o p t i o n a l  key- 

word caras: 

ATMOSRPT 
CONSTRPT 
ELSRPT 
ELSZ4RPT 

EPOTRPT 
GEODRPT 
INTCPRT 
LPOTRPT 

MANURPT 
SECTRPT 
SLPRPT 
SLPELRPT 

The PFROPT subdeck must t e r m i n a t e  w i t h  a n  END card. Only 
one of each keyword card i s  a l lowed  p e r  PFROPT subdeck 
e x c e p t  ATMOSRPT for which  two are  a l lowed .  

SLPELRPT may o n l y  be used  i n  an EPHEM r u n  when a n  SLP- . 

working  f i l e  i s  created.  

4-169 
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1 Camera elevation Camera misalignment angle 
(a;)) (a") 

P I CB IA5 
(OGQPT) 

PICBIAS 

0 Card format: (A80 3 1 3 ,  3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 PICBIAS--keyword to set landmark camera/ 
picture biases. options 

9-11 I3 Bias option: 
= 1, solve for bias using prestored 

= 2, solve for bias using updated value 

= 3, update prestored parameter value 

(see Note) 

value 

in columns 18-38 

12-14 I3 Bias indicator: = 1, 2, 3 , .  4, or 5 

15-17 Blank 
18-38 GZ1.14 A priori bias value in degrees (bias 5 

39-68 G21.14 Blank 
69-80 G21.14 Standard deviation in degrees (bias 5 

NOTE: The PICBIAS bias indicators are defined as follows: 

in seconds) 

in seconds) 

Bias Landmark Landmark (Three- 
Indicator (SDinninu Data) Axis Stabilized Data) 

2 Roll angle 
( A Y O  1 

Camera misalignment ( 8 " )  

3 Spin axis cone Camera misalignment angle 

4 Spin axis r o l l  

5 Timing (At) Timing ( A t )  

(8) ( Y " )  
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POLAR 
(OGOPT) 

POLAR 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Desc I: i p  t ion 

1-8 

9-11 
12-14 
15-17 
18-30 
39-59 
60-80 

Entering 

A8 POLAR--keyword to set polar motion op- 

I3 Flight section I 
I3 Flight section J 
I3 Flight section K 
621.14 Polar motion option for section I 
G21.14 Polar motion option for section J 
G21.14 Polar motion option for section k 

tion switch for each flight section 

1.ODO in the G21.14 fields will cause polar motion 
data to be included in the rotation from Earth-centered to 
body-fixed coordinates. The default value is 2.OD0, which 
indicates no polar motion will be modeled. 

A maximum of 10 flight sections is allowed. 

149 
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POTF IELD 
(=OPT) 

P O W  I ELD 

0 Card format: (A8,  313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns 

1-8 

9-11 

12-14 

. 15-80 

NOTES : 1. 

2. 

Fo rma t 

A0 

I3 

I3 

Description 

POTFIELD--keyword t o  indicate if ce- 
trieval of potential field data is re- 
quired (see Note 1) 
Body f o r  which field is to be retrieved: 

= 2, Moon 
Potential field model number (see 
Note 2) 
Blank 

= 1, Earth 

A t  the time of publication of this document, i t  
was necessary to include the following JCL after 
all GTDS procedure overrides: 

//GO.FT48FOOl DD DSN = SPOTFLD, UNIT = DISK, 
/ /  SPACE = (4200,2), DISP = (,DELETE), 
/ / DCB = ( DSORGrDA , BUFNO= 1 ) 

See Appendix D, Item A, for model number (if the 
body indicated in columns 9 thtough 11 is the 
Earth); see Appendix D, Point E, for model number 
( i f  the body indicated in columns 9 through 11 
is the Moon). 
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PRESERCH 
(EOOPT) 

PRESERCH 

0 Card format: (AB, 313, 3021.14) 

0 Applicable programs: EARLYORB 

0 Detailed format: 

Columns 

1-8 

9-11 

12-14 

15-17 
18-38 

39-59 
60-80 

Format 

A8 

I3 

I3 

I3 

G21.14 

G21.14 
G21.14- 

PRESERCH--keyword to specify preliminary 
orbit search parameters. 
Perform search if set to 1; don't per- 
form search if 0 '(default: don't per- 
form search) 
Number of search levels to perform 
(between 0 and 8; default = 2) 

Spare 
Estimate of spacecraft height in kilo- 
meters at the time of the second obser- 
vation (default = 1000 km) . 
Search rate parameter (default = 1.25). 
Minimum accuracy to terminate search 
(default = 0.2) 
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PRINTOUT 
(DCOPT) 

PRINTOUT 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns 

1-8 

9-11 

Format DescriDtion 

A0 PRINTOUT--keyword to set the Observation 
Residual Report frequencyand plot op- 
t ions 

I3 

12-14 I3 

15-17 

10-38 
39-80 

NOTES : 1. 

= n, This field must be used in con- 
junction with DC Program Print 
Control Indicator. (This field not 
valid unless third integer field 
equals 5.) The Observation 
Residual Report will be generated 
to the'printer every nth iteration 
(default = 1, i.e., output every 
iteration, see .Note 1) 

= m, the Observation Residual Report 
will be generated to the graphics 
display device every mth iteration 
(m must be a multiple of n, 
default = 1, i.e., output every 
iterat ion) 

- I3 DC Program print control indicator (see 

G2l. 14 Sum of desired plot types (see Note 2) 
Table 4-6, default = 5 )  

Blank 

This option is only valid when the DC Program 
print contro.1 indicator equals 5. When this op- 
tion is used, residual printout will always oc- 
cur for the first and last iterations. After the 
first iteration, printout will occur every nth 
iteration as specified in this field. 
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FRZNTOU'I' 
( UCOPT) 

2 .  Ava i l ab le  p l o t  t y p e s  and  t h e i r  c o d e s  a r e  as f o l -  
lows:  each o b s e r v a t i o n  t y p e  for a l l  s t a t i o n s  
i n  DC Program = 1; each o b s e r v a t i o n  t y p e  for each 
s t a t i o n  i n  DC Program = L O ;  p a r t i c u l a r  o b s e r v a -  
t i o n  t y p e  €or a p a r t i c u l a r  s t a t i o n  ( d e f i n e d  
t h r o u g h  keyword card /*******3), = 100. A n y  com- 
b i n a t i o n  of these p l o t s  nay  be o b t a i n e d  by re- 
q u e s t i n g  t h e  sum o€  t h e  des i red  p l o t  codes.  See 
t h e  t a b l e  on t h e  n e x t  page  €or t h e  necessacy  J C L .  

T a b l e  4-6. DC Program P r i n t  C o n t r o l  

---- V a l u e  o f  P r  i n t  F l a q  .- 

R e p o r t  -_ 1 -- 2 3 4 5 

i)C I n i t i a l  Cotidit : ions All. All. All AI. 1 A 1. 1. 
R e p o r t  
Observar;  i o n  R e s i d u a l  No ne No ne l & a  L 6 Q A l l  
R e p o r t  
V a  r iance-Co va r i a n c e  No ne  None None 1 6 Q ALL 
M a t r i x  R e p o r t  

Cur c e n t  E l e m e t i  1.:; No ne  a l & Q  L 6 a A l l  
R e p o r t  
So lve- Fo r Pa r' d iiie t e r None a l & a  L 6 9. A 1 1  
R e p o r t  
End- of- I t (? r if t i o n  
Summary R e p o r t  

No ne  None 1 6 Q  L 6 Q All 

DC Summary R e p o r t  Q Q Q a a 
O r b i t a l  E l e m e n t s  Q Q Q Q a 
R e p o r t  

F o r  f l a g  v a l u e s  1 t h r o u g h  5. t h e  r e p o r t s  w i l l  b e  p r i n t e d  a t  
c o m p l e t i o n  of tihe i . n d i c a t e d  i t e r a t i o n s  (where II is the  
l a s t  i t e r a t i o n ) .  

The r e q u i r e d  J C L  €or DC r e s i d u a l  p l o t s  is  a s  follows: 
//GO.FT42F001 DD DSN=&PLOT,UNIT=DISK,DLSl'=(,PASS), 
/ /  DCB=(RECFM=VBS.LRECL=136,BLlKSLZE=LG36), 
/ /  SPACE=(CYL,  ( S . l ) , R L S E )  
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RAMB**** 

0 Card f o r m a t :  ( A 8 .  313. 3 G 2 1 . L 4 )  

0 A p p l i c a b l e  programs:  DC 

e D e t a i l e d  f o r m a t :  

Columns Format  -. -- n c s c r i p t  i o n  

1- 8 A8 RAMB****--keyword t o  o v e r r i d e  t.he smal l  
r a n g e  a m b i g u i t y  f o r  SRE d a t a  wtwr-ct  as-  
t e r i s k s  r e p r e s e n t  t he  s t a t i o n  acronym 
(see Appendix A f o r  s t a t i o n  a c r o n y m s ) .  
If t h e  same r a n g e  a m b i g u i t y  is  t o  be 
i n p u t  f o r  a l l  s t a t i o n s  employ ing  the  
same t r acke r  t y p e ,  ''AT,I,X" c a n  be used 
iri:rl.c?ad of a s L a t i o n  acronym, where X 
s p e c i f i e d  t h e  t r a c k e r  t y p e s  (see 
T a b l e  4 - 2  f o r  v a l u e s  of X ) .  I f  b l a n k s  
a r e  s p e c i f i e d  f o r  t h e  s t a t i o n  acronym, 
t h e  o v e r r i d i n g  sma l l  r a n g e  a m b i g u i t y  
w i l l  be a p p l i e d  t o  a l l  s t a t i o n s .  

9- 17 B l a n k  

18-38 G21.14 Smal l  r a n g e  a m b i g u i t y  k i l o m e t e r s  
( d e f a u l t  = 1 4 9 8 9 . 6 2 5  k i l o m e t e r s  f o r  all 
SRE t r a c k e r s )  

38-80 Blank  

C u r r e n t l y ,  t h i s  keyword is a p p l i c a b l e  t o  SRE S-Band and VHF' 

t r a c k e r s .  However, USU t r a c k e r s  c a n  a l s o  be i n p u t ,  i f  t h e i r  

t r a c k i n g  systeiii i n d i c a t o r  is  SRE t y p e .  A maximum of 
20 cards  is  a l l o w e d .  I f  t h e  f i r s t  r e a l  f i e l d  (co lumns  1 8  

thro i igh  3 8 )  is  z e r o  o r  b l a n k ,  a v a l u e  of 0 . 0  w i l l  be  e n t e r e d  
a s  smal l  r a n g e  ambiguiLy.  
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RAMBOPT 
(DCOPT) 

RAMBOBT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC 

, 0 Detailed format: 

Columns Format Description 

1-8 A8 RAMBOPT--keyword to select the SRE range 

9-11 I3 Option value: 
ambiguity computation option 

= 1, compute small ambiguities only 
= 2, compute large ambiguities only 
a 3, compute both "1" and "2"; take the 

minimum (default) 
= 4, compute large ambiguities and re- 

fine with multiples of. small 
ambiguity . 

= 5, compute both "1" and " 4 "  and take 
the minimum 

t 6, no ambiguity computations made 
12-80 Blank 
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RAPRIME e 
(OGOPT) 

RAPRIME 

0 Card fo rma t :  (A8, 313, 3G21.14) 

0 A p p l i c a b l e  programs: EPHEM, DC 

0 D e t a i l e d  fo rma t :  

Columns Format DescriPt i o n  

1-8 A8 RAPRIME--keyword t o  set  t h e  r i g h t  as- 
cens ion  of t h e  p r i m e  m e r i d i a n  of t h e  
s p e c i f i e d  body 

9-11 I 3  Index  of body I 
12-14 13  Index  of body J 

15-17 1 3  Index of body K 
18-38 G21.14 R i g h t  a scens ion  ( d e g r e e s )  of p r i m e  me- . 

r i d i a n  for body I - 

39-59 621.14 Righ t  a scens ion  ( d e g r e e s )  of p r i m e  me- 
r i d i a n  f o r  body J 

60-80  G21.14 R i g h t  a s c e n s i o n  ( d e g r e e s )  of p r i m e  me- 
t i d i a n  f o r  body K 

The body i n d e x e s  given on t h i s  c a r d  must be g r e a t e r  t h a n  3 

and less t h a n  12. 

c a r d .  S e e  Appendix B f o r  t h e  body i n d e x e s .  

They must agree w i t h  t h o s e  on t h e  RATIME 
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RAT IME 
(OGOPT) 

RATIME 

0 Card fo rma t :  ( A B ,  313, 3G21.14) 

0 A p p l i c a b l e  programs: EPHEM; DC 

0 D e t a i l e d  fo rma t :  

Columns Format D € ! S C r i D t  i o n  

1-8 

9 - 1 1  

12-14 

15-17 
18-38 

39-59' 

6 0 - 8 0  

A8 RATIME--keyword t o  set  time a s s o c i a t e d  
w i t h  r i g h t  ascens ion  of pr ime m e r i d i a n  
of s p e c i f i e d  body 

I 3  Body index  I 
I 3  Body index  J 
13  Body index  K 
G21.14 Time of r i g h t  ascens ion  f o r  body I 

G 2 1 . 1 4  Time of r i g h t  a s c e n s i o n  f o r  body J 

G21.14 Time of r i g h t  a s c e n s i o n  for body K 

( seconds  from epoch)  

( seconds  from epoch)  

( seconds  from epoch)  

The body indexes  as  g i v e n  on t h i s  card must b e  g r e a t e r  t h a n  

3 and less t h a n  1 2 .  They must  a g r e e  w i t h  t h o s e  on t h e  

RAPRIME c a r d .  See  Appendix B f o r  t h e  body indexes .  

1 4 9  
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RCACB 
(OGOPT) 

RCACB 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 RCACB--keyword to set the radius of 
closest approach (RCA) sectioning switch 
fot a centtal body 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 
18-38 G2l , 14 RCA switch for section I (see Note) 
39-59 G21.14 RCA switch for section J (see Note) 
60-80 G2L'. 14 RCA switch for section K (see Note) 

The central bodies must be specified with the keyword ' 

CBODY. A maximum of 10 flight sections is allowed. 

NOTE: A value of 1.0 will set the switch to change section 
on radius of closest approach and a value of 2.0 will 
turn the switch off. The default value is 1.0. 
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RCANCB 
(OGOPT) 

RCANCB 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: -l 

Columns Format Description 

1-8 A8 RCANCB--keyword t:o set the radius of 
closest approach (RCA) for the next 
central body sect:ioning conditioning 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 
18-38 G21.14 RCA switch for- the next central body 

39-59 G21.14 RCA switch for the next central body 

6 0 - 8 0  G21.14 RCA switch for the next central body 

for section I (see Note) 

for section J (See Note) 

for section K (see Note) 

The central bodies must be specified with the CBODY keyword 
card. A maximum of 10 flight sections is allowed. 

NOTE: A value of 1.0 will set the switch to change section 
on r a d i u s  of closest approach t o  t h e  next  c e n t r a l  
body, and a value of 2.0 will turn the switch off. 
The default value is 1.0. 
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RELAY ID 
(DMOPT) 

RELAYID 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DATASIM 

0 Detailed format: 

Columns Format DeSCtiRtiOn 

1-8 A8 RELAYID--keyword to specify the ATS re- 

9-17 Blank 
18-30 G21.14 Relay satellite identification number 
39-80 Blank 

lay satellite identification number 
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RESTART 
(OGOPT) 

RESTART 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed. format: \ 

Columns Format Descriotion 

1-8 A8 RESTART--keyword to set the integration 

9-11 13 Flight section I 
12-14 I3 Flight 'section J 
15-17 I3 Flight section K 
18-38 G21.14 Restart option f o r  section I (see Note) 
39-59 G21.14 Restart option for section J (see Note) 
60-80 G21.14 Restart option fot section K (see Note) 

starter option 

A maximum of 10 flight sections is allowed. 

NOTE: A value of 1.0 will cause the multistep starter to be 
used: a value of 2.0 will cause the Runge-Kutta 
stafter to be used. The default is the multistep 
starter (1.0). Note that only the Runge-Kutta starter 
can be used for time-regularized Cowell integration 
met hod. 
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ROLLVAR 
(OGOPT) 

ROLLVAB 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 ROLLVAEb-keyword to set the a priori 
standard deviations of r o l l  coefficients 
for an Earth-stabilized spacecraft (For 
a description of the meanings of the 
five roll coefficients, see the ATTANG3 
keyword card description.) 

be read in (from 1 to 5) 
9-11 I 3  Number of standard deviation values to 

12-17 Blank 
18-38 G21.14 A priori standard deviation of first 

39-59 G21.14 A priori standard deviation of second 

60-80 G21.14 A priori standard deviation of third 

roll coefficient in degrees 

r o l l  coefficient in degrees per second 

roll coefficient in degrees per second 

To input additional r o l l  standard deviations, place a second 
card with the standard deviation of the fourth and fifth co- 
efficients in the first and second real fields (columns 18 
through 38 and 39 through 59). The default value for all 
a priori standard deviations is infinity (a). 
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RTASCVAR 

0 Card format: (AB., 313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format 

1-8 A8 

.9-11 I3 

12-17 
18-38 G21.14 

39-59 G21.14 

60-80 G21.14 

DeSCriDtiOn 

RTASCVAR--keyword to set a priori stand- 
ard deviation of right ascension or yaw 
coefficients'when used with landmark 
data (The coefficients are f o r  right 
ascension or yaw, depending on the 
third integer field of the ATTANGl key- 
word case.) 
Number of standard deviation values to 
be read in (from 1 to 5) 
Blank 
A priori standard deviation of the first 
coefficient (degrees) 
A priori standard deviation of the sec- 
ond coefficient (degrees per second) 
A priori standard deviation of the third 
coefficient (degrees per second or de- 
grees) 

To input additional standard deviations, place a sedond 

RTASCVAR keyword card with the standard deviations of the 
fourth and fifth coefficients in the first and second real 
fields (columns 18 through 38 and 39 through 59). The 
default values for all a priori standard deviations, is 
infinity (a) when the parameter is in the solve-for'vector 
and zero when the parameter is in the consider vector. 
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RTPARAMS 

0 Card format: (AB, 313, 3G21.14) 

0 Applicable programs: DC, EARLYORB 

0 Detailed format: 

Columns Format DeSCriDtiOn 

1-8 A8 RTPARAMS--Keyword to.set 60-byte 
Partial Batch Data request parameters 

Batch Data File polling, in seconds 
(default = 300 seconds) 

interval in seconds (default = 
5 seconds) 

9-11 I3 Timeout interval for 60-Byte Partial 

12-14 13 60-Byte Partial Batch Data File polling 

15-17 Blank 
18-38 G21.14 Lower bound for staleness interval, in 

39-59 G21.14 Upper bound for staleness interval, in 

60-80 Blank 
- NOTE: The staleness time for a batch of data is defined as 

seconds (default = 0 seconds) 

seconds (default = 120 seconds) 

the TCOPS-receipt time of the first frame in the 
batch minus the time tag of the first frame in the 
batch. A batch of partial batch data will be made 
available for GTDS processing if its staleness time 
falls within the interval defined by the bounds on 
this card. 
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RTPARAMS 

a Card format: (A8, 313, 3621.14) 

a Applicable programs: DC, EARLYORB 

a Detailed format: 

Columns Format Description 

1- 8 A8 RTSATID--Keyword to set 7-digit 
international designators for all 
satellites for which 60-byte partial 
batch data is requested. 

9-11 13 Number of satellj.te ID numbers to be 
input on the next: card 

12-80 Blank 
An input card with a format of 10 (17, 1X) containing all 
the 7-digit satellite IDS for which partial batch data is to 
be reques.ted must follow immediately after the RTSATID 
keyword card, as shown in the following example: 

Column 2 11 
RTSATID 3 
1234567b7654321b7777777 

Partial batch data’for up to 10 satell-ites may be 
requested. If no RTSATID catd is included, partial batch 
data for the target satellite and all TDRS relay satellites 
included in the run will be requested. 
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e RSYS* * 
Real-Time Request 

Station Card 

RSYS* * 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC, EARLYORB 

a Detailed format: 

Columns Format Description 

1-8 A0 RSYS****--Keyword t o  set acronym of 
tracking system for which 60-Byte 
Partial Batch Data is requested. The 
asterisks represent the system acronym 
(see Note). Default = all systems- 
curtently receiving data. Only one 
RSYS**** catd may be included in a DC 
or EARLYORB mode 

9-80 Blank 

NOTE: Valid tracking system acronyms are TDRS, CBAN, SRE. 
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Real-Time Request 

Station Card 
(DMOPT) 

RSTA* * * 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC, EARLYORR 

0 Deta'iled format: 

Columns Format Description 

1-8 A0 . RSTA****--keyword, to set acronym of 
tracking station for which partial 
batch data is requested. The asterisks 
represent the staltion acronym (see 
Appendix C for a list of acceptable 
station acronyms). Default = all 
stations currently receiving data. 
Only one RSTA**** card may be included 
in the DC or EARLYORB mode. 
Blank 9-80 
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SAMPLRTE 

SAMPLRTE 
( DMOPT ) 

0 Card format: (A8,  313, 3623.14) 

0 Applicable programs: 

0 Detailed format: 

Columns Format DeSCtiDtiOn 

1-8 A8 SAMPLRTE--keyword to set edit 
acceptance criteria by every N second 
(see Note). 

9-17 Blank 
18-38 G21.14 .Sample rate in second 
3 8 - 8 0  Blank 

NOTE: The keyword card is coasidered d continuation of 
ABBB**** card. The field 18 through 38 is used to 
replace field 12 through 14 in ABbb***. To use 
this card the prerequisite condition is set field 12 
through 14 i ABBb**** to negative ( - x y ) .  
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SATGROUP 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 SATGROUP--keyword to activate the sat- 
ellite grouping capability of the GTDS 
data management subsection 

input on the next card 
9-11 I3 Number of satellite ID numbers to be 

12-80 Blank 

An input card with d format of lO(I7, lx) containing all the 
seven-digit satellite IDS to be grouped with the satellite 
ID on the CONTROL card must follow immediately after the 
SATGROUP keyword Card, as shown in the following example: 

Column 1 11 
SATGROUP 3 
1234567b7654321k57777777 

The maximum of 10 satellites may be grouped. The only valid 
input data source for satellite grouping is the 60-byte data 
base. 
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SAVEW 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 SAW--keyword to specify the option to 
save observations working file from 
this run 

9-11 I3 Save indicator: 
1, write observations working file to 

tape, (unit 46) in GTDS format 

file (default) 
= 2 ,  do not  save observations working 

12-80 Blank 
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SCAREA ' 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 A8 SCAREA--keyword to set spacecraft cross- 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 

18-38 G21.14 Spacecraft cross-sectional area (km2) 

sectional area by flight section 

for section I 

39-59 G21.14 Spacecraft cross-sectional area (km2) 

60-80 621.14 Spacecraft cross-sectional area (km2) 

for section J 

for section K 

The spacecraft cross-sectional area for section one is 
normally set by using the SCPARAM keyword card. Specifying 
section one on this card will cause t h i s  initial cross- 
sectional area to be overridden. A maximum of 10 flight 
sections is allowed. 

1 4 9  
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(OGOPT) 

SCPARAM 

0 Card format: (AB, 313, 3G21.14) 

0 Applicable programs: DC, EPHEM 

0 Detailed format: 

Columns Format Description 
\ 

1-8 A8 SCPABAM--keyword to set spacecraft 

9-11 13 Use mass/thrust tables: 
parameters 

= 0, no (default) 
= 1, yes 

12-14 13 Number of segments 
15-17 I3 Blank 

18-38 G21.14 Average cross-sectional area ( k d )  
used for solar radiation computation 

39-59 G21.14 Spacecraft mass (kg) 
60-80 G21.14 Diameter of the spacecraft body (km; 

default = spherical configuration 
computed from cross-sectional area; 
used for dynamics only) 
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SECTRPT 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs:. FILERPT, EPHEM 

0 Detailed format:. 'i 

Columns Format Description 

1-8 A8 SECTRPT--keyword to specify a report of 

9-11 13 Summary report: 
the Flight Sectioning Models File 

= 0, summary report will not be printed 

= 1, summary report will be printed 

= 0, full report will not be printed 
(default) 

= 1, full report will be printed 
15-17 I3 Model to be reported (required if col- 

umn 14 = 1): (for flight sectioning. 
model numbers see Appendix D, Item D): 
J 0, all models 
> 0, model number 

(default ) 

12-14 I3 Full report: 

18-80 Blank 

This card may be included only once per PFROPT subdeck. 
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SELOUT 
* .  Card format: (A8,  313, 3G21.14) . #  - 

_ .  
0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

12-14 I3 

1-8 A8 SELOUT--keyword to genecaCe the Statis- 
tical Output Report . 

9-11 I3 Indicator for when to generate the SOR: 
= 0, at first and last DC Program itera- 

= 1, at first DC Program'iteration only 
= 2, at last  DC Ptogtam:tteration o n l y  

Indicator for computing noise batch 
calibration statistics and noise estima- 
t ion: 
= 0, no calibration Btatkstics or noise 

= 1, generate batch calibration statis- 

' estimation is done only when batch 

tions (default) * '  - .  

estimation 

tics, and noise estimation (Noise 

calibcation statistics ate gener- 
ated.) (See Table 4i7) 
= I, use the default ;minimum per- 

centage as the minimum per- 
centage of points (pth order 
differences) required, after 
internal editing, f o r  noise 
estimation (Default = 7 5  per- 
cent) . 

= 11, ( 2  5 11 5 99)=: minimum per- 
centage of points (pth order 
differences) required, after 
internal editing., for noise 
estimation 

*Percentage is based on points actually used far noise esti- 
mation, relative to the number of observations initially 
considered for determination of noise and calkbration sta- 
tistics for a "batch - SOR categocy" set. 
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Table 4-7. SOR Request (SELOUT Keyword) 

SOR Generation Batch 

Intecrer Field) (Second Inteaer Field2 Result 
Time (First Calibration Statistics 

0: SOR gener- 0: No Calibration Neither SOR con- 
ated at first Statistics tains calibration 
and last statistics 
it era t io'n 

- >1 First SOR: No 
calibration sta- 
tistics 
Second SOR: Cali- 
bration Statistics 

1: SOR gener- 0: No Calibration 
ated for first Statistics 
iteration 

- >1 
2: SOR gener- 0: No Calibration 

iteration 
'ated at last Statistics 

- >1 

SOR does not con- 
tain calibration 
statistics 
SOR contains cali- 
bration statistics 
SOR does not con- 
tain calibration 
statistics 
SOR contains Cali- 
bration statistics 
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Columns Format Description 

. .  

15-17 I3 Packed indicators MN for generating SOR 
data subset and “punchedw output (MN 
right adjusted) 
H: indicator for generating SOR data 
subset: Output (1 = Yes, 0 = No) 
N: indicator for generating punch 
output 
= 0, no (default) 
= 1, calibration statistics only 
= 2, final vector only (see Note 2) 
= 3, calibration statistics and final 

= 4, calibration statistics with TDRS 
vector (see Note 2) 

one-way Doppler data and associated 
User Receive Center Frequency in- 
formation excluded 

oa-way Doppler data and associated 
URC frequency information included 
.(see Note 3) 

= 6, TDRS one-way Doppler data and 
associated URC frequency informa- 
tion‘only (see Note 3) 

= 7, to generate Tracking Data Valida- 
tion Extract File (FT62) after d 
DC iteration (see columns 9 through 
11) 

= 5, calibration statistics with TDRS 

18-38 G21.14 Maximum time gap between two consecu- 
tive observations in a batch (default = 
300. seconds) 

39-59 G21.14 Maximum time interval of a batch 
(default = l.D+6 seconds) 

60-80 G21.14 Maximum number of observations in a 
batch (default and the largest input 
value allowed is 500.) 

NOTES: 1. True punched output is no longer available from 
the FDF R1 and R2 NAS computers. The “punched“ 
output referred to in this keyword card descrip- 
tion may be printed by overriding the SYSOUT 
parameter with class A in the JCL for FT 07. 

4-198 
149 



DOC. NO. REV. NO. 
SD-8516730 2 

SELOUT 
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Alternatively, this output may be routed to a 
disk file by providing an appropriate DSN and 
space parameter. 

2. For magnetic tape output of the SOR Extract, the 
following JCL card override is needed (when col- 
umn 16 is 1): 
//GO.FT64F001 DD DSN=ORBIT.SOROUT 

3. Final vectors are punched only for those satel- 
lites that have associated dynamic parameters 
solved for, The final vectors are punched in 
the format of the ELEMENTI!, ELEMENTZ, EPOCH, 
SSELEM1, SSELEMZ, SSEPOCH, TDRELEMl, TDRELEMZ, 
and TDREPOCH keyword cards. When no epoch ad- 
vance is applied in the DC Program, zefa is 
punched in the third real field of the EPOCH, 
SSEPOCH, oc TDREPOCH card. When an epoch ad- 
vance is applied in the DC Program, the output 
advanced epoch is incremented by a time equal to 
the difference between the input epoch and the 
original advanced epoch and is punched in the 
third real field. 

4. The TDRS one-way Doppler data and associated 
User Receive Center frequency information, when 
requested, are directed to a file separate from 
the remaining calibration statistics punched 
output. An override card for FT 47, specifying 
a DSN and a space parameter, must be provided to 
save this output. See Note 1. 
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SLPBODY 

Card format: (A8, 313, 3G21.14) 

0 Applicable programs: BPHEM, DC, DATAMGT, ANALYSIS, 
DATAS IM 

0 Detailed format: 

Columns Format Description 

1-8 A8 SLPBODY--keyword to set central and 
noncentral bodies for generating the 
Solar/Lunar/Planetary ephemeris working 
file 

9-11 13 Central body index (default = 1, Earth) 
12-14 I3 Fast noncentral body index (default = 

2, Moon) 

(default = 3, Sun) 
18-38 G21.14 Second slow noncentral body index (in 

teal format; default = 0) 
39-59 G21.14 Third slow noncentral body index (in 

real format: default = 0) 

60-80 G21.14 Fourth slow noncentral body index (in 
real format: default = 0) 

* 15-17 I3 . First slow noncentral body index 

A’second SLPBODY card may be used to specify three more slow 
noncentral body indexes in the three integer fields. The 
second SLPBODY keyword card must immediately follow the 
first SLPBODY keyword card that specifies the central body 
index in the first integer field. 

The body indexes a t e  

1 = Earth 4 = Mars 7 = Uranus 10 = Mercury 
2 = Moon 5 = Jupiter 8 = Neptune 11 = Venus 
3 = Sun 6 = Saturn 9 = Pluto 
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SLPCOORD 

a Card format: (A8, 313, 3021.14) 

0 Applicable programs: EPHEM, DC, DATAMGT, ANALYSIS, 
DATAS IM 

0 Detailed format: 

Columns Format Description 

1-8 A8 SLPCOORD--keyword to specify the SLP 
ephemeris coordinate system reference 

= 1, mean equator and equinox of 1950.0 

= 2, true-of-date 

9-11 13 Coordinate system reference: 

(default ) 

12-80 Blank 
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SLPDEG 

0 Card format: (A8 ,  313, 3G21.14) 

0 Applicable programs: EPHEM, DC, DATAMGT, ANALYSIS, 
DATAS IM 

0 Detailed format: 

Columns Format Description 

1-8 A8 SLPDEG--keyword t o  set degree of curve- 
fit for bodies (specified by keyword 
SLPBODY) and rotation matrices (The de- 
fault for the fast noncentral body is 
the Moon, and the default for the first 
slow aoacenttal body is the Sun. Key- 
word SLPBODY must be used to change 
these default values when desired.) 

(default = 8: maximum = 9) 

degree (default - 4; maximum = 19) 

degree (default r8; maximum = 12) 

fit degree (default = 4; maximum = 12) 

9-11 I3 Curve-fit degree for matrix elements 

12-14 I3 Fast noncentral body position cucve-fit 

15-17 I3 Fast noncentral body velocity curve-fit 

18-38 G2l. 14 Slow noncentral bodies' positions curve- 

39-80 Blank 
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SLPELRPT 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: EPHEM, 

0 Detailed format: 

Columns Format Description 

1-8 A8 SLPELRPT--keyword to obtain report of 
Solar/Lunar/Planetary Ephemeris File by 
body 

= 0, times specified in UTC 
= .1, times specified in Ephemeris 

9-11 I3 Reporting time option: 

Time (ET) 
12-14 I3 Reporting selection option: 

= 0, report for Sun and Moon only 
= 1, report all bodies 

15-17 Blank 
18-38 G21.14 Report start time (yymmddhhmmss.ssss) 
39-59 G21.14 Report end time (yymmddhhmmss.ssss) 
60-80 G21.14 Time interval (days) 

This card may be'included only once per PFROPT subdeck. 

NOTE : Although included in the PFROPT subdeck, the SLP 
Elements Report option accesses the SLP working file 
rather than the SLP permanent file. For this reason, 
the option is not available from the FILERPT 
Program. Furthermore, when running a stacked deck, 
the RESTORE option must be used on the CONTROL card 
of each control section following the first, in order 
to ensure that the correct working f i l e  will be 
referenced. 
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SLPFILE 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC, DATAMGT, ANALYSIS, 
DATAS IM 

0 'Detailed format: 

Columns Format DescriDtion 

1-8 A8 SLPFILE--keyword to indicate the source 
of SLP data'to be used in creating the 
SLP working file (see Note) 

= 1, use permanent file 
= 2, create direct access working f i l e  

from SLP tape 
= 3, not in use 
= 4, create SLP tape from JPL tape 
= 5, create direct access working file 

= 6, not in use 
= 7, not in use 
= 8, use previously created working file 

12-14 13 Number of days per curve-fit (default = 
20 1 

15-17 I3 Number of curve-fits to be computed 
(default = 11) 

18-38 G21.14 Year, month, day (yymmdd.0) of the 
first day of SLP ephemeris 

39-59 G21.14 Type of input JPL tape 

9-11 13 SLP working file option: 

from JPL tape 

0, DE-96 (default) 
1, DE-19 

60-80 Blank 

NOTE: The JCL in the GTDS procedure is set up fof the 
DE96 JPL tape. For the DE19 tape, the DCB param- 
eters on FT34 must be overridden as follows:. 

DCB = (LRECL=2304,BLKSIZE=8308) 
See Section 5 for additional infocmation. 
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SLPRPT 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: FILERPT, EPHEM 

0 Detailed format: 

Columns Format Description 

1-8 A8 SLPRPT--keyword to specify a report of 
the SLP Ephemeris File by matrix order 

9-11 13 

12-17 

Type of report: 
= 0, summary report 
= 1, full report without transformation 

matrices to order 6 
= 2, full report without transformation 

matrices to higher order 
= 3, full report with transformation 

matrices to order 6 
= 4, full report with transformation 

matrices to higher order 
= 5, full report on complete file 
Blank 

18-38 G21.14 Start time of report (yyrnmdd.) 
39-59 G21.14 End time of report (yymmdd.) 
60-80 Blank 

S t a r t  and end t i m e s  f or  the  report  are not  needed when the  

full report on the complete file, o r  t:he summary report, is 
requested. 

This card may be included only once per PFROPT subdeck. 

Report is produc'ed only for SLP data referenced to 1950.0 
coordinates. 
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0 Card format: (A8, 313, 3623.14) 

0 Applicable programs: EPHEM, DC, EARLYORB, ANALYSIS 

e Detailed format: 

Columns Format 

1-8 A8 

9-11 I3 

12-14 I3 
15-17 I3 
18-38 G21.14 
39-59 G21.14 
60-80 G21.14 

In a DC Program run, 
tives indicates that 
for using either the 

DeSCriDtiOn 

SNM--keyword to set the Sn,m harmonic 
coefficients options and values 
Harmonic options: 
= 1, compute partial derivatives of 

state with respect to specified 
harmonic using default value 

= 2 *  instead of the default value use 
the value in columns 18-38 and 
compute partial derivatives 

= 3, instead of the default vaiue use 
the value in columns 18-38 

N coefficient (maximum of 21) 
M coefficient (maximum of 21) 
Value of S n, m 
Standard deviation of S 
Central body number of input harmonic 
coefficients: 

= 2.0, Moon 

n, m 

= 1.0, Earth 

the option to compute partial deriva- 
the harmonic coefficients will be solved 
default value or the input value (in 

'columns 18 through 38) as the a priori harmonic coefficient 
and the a priori standard deviation in columns 39 through 5 9 .  

Individual S coefficients are defined using this key- 
word card. To change an entire harmonic field, see the  

HARMONIC keyword card. To compute a partial derivative 

n, m 
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it must be used in the 
Or 'n, m *  n8m with respect to C 

force model (see Reference 2, Section 4.3, for definitions 

of cn and Sn8m)' 
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SOLRAD 

0 Card format :  (A80 313, 3621.14) 

A p p l i c a b l e  programs: EPHEMO DCO ANALYSIS . 

0 Detailed format:  

Columns Format Desc r iDt ion  

1-8 A 8  SOLRAD--keyword t o  set the f o r c e  model 

9-11 13 F l i g h t  s e c t i o n  I 
so la t  r a d i a t i o n  swi t ch  f o r  each s e c t i o n  

12-14 I3 F l i g h t  s e c t i o n  J 
15-17 I3 Flight section K 
18-3’8 G21.14 S o l a r  r a d i a t i o n  swi t ch  f o r  s e c t i o n  I 
39-59 G21.14 S o l a r  r a d i a t i o n  swi t ch  f o r  s .ec t ion  J 
6 0 - 8 0  G21.14 S o l a r  r a d ’ i a t i o n  s w i t c h  f o r  s e c t i o n  K 

A v a l u e  of 1.0 i n  t h e  real  f i e l d s  (G21.14) w i l l  i n c l u d e  
s o l a r  r a d i a t i o n  effects  i n  t h e  f o r c e  model f o r  t h e  s p e c i f i e d  
s e c t i o n ( s ) ,  and a v a l u e  of 2 . 0  will cause  t h e  s o l a r  radia- 
t i o n  effects  t o  b e  ignored  i n  t he  f o r c e  model. The d e f a u l t  
v a l u e  f o r  these o p t i o n s  i s  2.0. Note t h a t  a spacecraft area 
and mass must be s p e c i f i e d  on t h e  SCPARAM card when u s i n g  
t h i s  o p t i o n .  

When t h e  s o l a r  r a d i a t i o n  e f f ec t s  a re  inc luded  i n  a n  EPHEM 
Program run,  a message i n d i c a t i n g  whether t he  v e h i c l e  i s  i n  
s u n l i g h t  o r  shadow is  p r i n t e d  i n  each S a t e l l i t e  Ephemer i s  
Report .  
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SOLRDPAR 
(OGOPT) 

SOLRDPAR 

0 Card format: (AB, 313, 3021.14) 

0 Applicable programs: EPHEM, DC, ANALYSIS 

0 Detailed format: 

Columns Format DeSCriDtiOn 

1-8 A8 SOLRDPAR--keyword to set the solar 

9-11 13 Solar radiation outputs: 
radiation options and parameter 

= 0, do not compute partial derivatives 
= 1, compute partial derivatives of 

state with respect to solar radia- 
tion parameter Cr 

= 2, instead of the default value, use 
the value in columns 18 through 38 
and compute solar partial deriva- 
t ives 

f 3, instead of default, use the value 
in columns 18 through 38 

12-17 Blank 

39-59 Blank 
Solar radiation coefficient (C ) r 18-38 G21.14 

60-80 G21.14 Standard deviation of solar radiation 

In a DC Program run, the option to compute partial deriva- 
tives indicates that the solar radiation coefficient (Cr) 
will be solved for using either the default value or the 
input value (in columns 18 through 38) as the a priori solar 
radiation coefficient and the a priori standard deviation in 
columns 60 through 80. 

To compute partial derivatives of the state with respect to 
the solar radiation pressure parameter, Cr, solar radiation 
must be used in the force model (see the SOLRAD keyword 
card). 
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SORINPUT 
(DMOPT) 

SORINPUT 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 SOBINPUT--keyword to set Statistical 
Output Report editing parameter for an 
SOR category (maximum of LO cards 
a1 lowed) 

9-11 I3 Format type of observations: 
= 0 ,  60-byte 
= 1. 100-byte 

12-14 Blank 
15-17 I3 Number of SOR editing l o o p s  (if 0 or 

blank is input, the number of SOR edit- 
ing loops is defaulted to six l oops :  if 
-1 is input, no SOR editing will be 
performed) 

18-38 G21.14 SOR editing sigma multiplier value 
(default = 3.0) 

39-59 G21.14 Maximum 0-C value (units are meters for 
range, milliseconds for range rate, 
hertz for ATSR and TDRS relay Doppler, 
degrees of arc for angles, and counts 
for Minitrack direction cosines) 

bination of DDTTMMRR, for the SOR cate- 
W r y -  
DD = observation type indicator (see 
Appendix A, Table A-2)  with the follow- 
ing except ions: 
= 11, XY parabolic X05 
= 12, XY parabolic Y85 
= 17, SRE X14 
= 18, SRE Y 1 4  
= 42, ATSR sidetone range 

6 0 - 8 0  GZ1.14 For 60-byte observations, input a com- 
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SORINPUT 
(DMOPT) 

Columns 

6 0 - 8 0  
(Cont * d )  

Format Description 

TT = tracker type number (see Table 4-1) 
with the following exceptions: 

= 5, SRE X30, Y30, and USB85 range and 

= 6, SRE X85 
MM = equipment mode indicator (applies 
only to Minitrack data and ATSR relay 
data): 
s 0, Minitrack equatorial mode 
= 1, Minitrack polar mode 
= 2, satellite PIAL mode 
= 3 ,  satellite crystal mode 
= 4, ground crystal mode 
= 5, ground PLL mode 
01: 

MM = frequency band indicator (applies 
to TDRS one-way OK two-way Doppler data 
from user spacecraft but not to user 
ground transponders): 
= 1, S-Band 
= 2, K-Band 
MM = multiple access indicator (applies 
to TDRS beam angles) : 
= 1, single access 
= 2, multiple access 
RR = data rate indicator for ATSR range 
rate data (sidetone, coherent, and 
ground relay mode): 
= 0, for data rate f 6 per minute 
= 4, for data rate = 6 per minute 
For other ATSR data types: 
= 0, for all data rates 
For TDRSS Doppler data (two-way, hybrid, 
differenced one-way from user ground 
transponder but not user spacecraft): 
= 1, for data rate 2 40 per minute 
= 2, for 40 per minute > data rate > 

= 3, for data rate L 9 per minute 

= 4, SRE X14, Y14 

range rate 

9 per minute 
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SOR INPUT 
(DMOPT) 

Columns Format Description 

60-80 For other TDRSS data types: 
(Coat * d) = 0, for a l l  data rates 

149 

For 100-byte observations, input weight 
index number of the SOR category (see 
Appendix A, Table A-2) 
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SORVALID 
(DMOPT) 

SORVALID 

0 Card format: (A8, 3 1 3 ,  3G21 .14)  

a Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 SORVALID--keyword to override the data 
validity check for up to three SOR cate- 
gories (based on data quality flags) in 
the DC Programs and SOR 

9-11 I3 Override the data validity check for 
SOR category I: 
= 1, yes 
= 2 ,  no (default) 

1 2 - 1 4  1 3  .Override the datal validity check for 
SOR category J: 
= 1, yes 
= 2 ,  no (default) 

15-17 I 3  Override the data validity check for 
SOR category K: 
= .I, yes 
= 2 ,  no (default) 

18-38 G21.14  SOR category I type indicator (see 
Appendix A, Table! A-2) with the follow- 
ing exceptions: 
= 11, XY parabOli,C X85 
= 12, XY parabolic YES 

= 4 2 ,  ATSR sidetone range 

= 17 ,  SRE X14 
= 18, SRE Y14 

TT = tracking sys.tem number (see 
Table 4-1) with the following excep- 
tions: 

= 5 ,  SRE X30, Y301, and USB85 range and 
= 4 ,  SRE X14, Y14 

range rate 
= 6, SRE X85 
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SORVAL ID 
(DMOPT) 

SORVALID 

Columns 

(Coat 'd) 
18-38 

\ 

Format DescriPtion 

= 99, override data validity check for 
all SOB categories of the input 
observations 

MM = equipment mode indicator (applies 
only to Minitrack data and ATSR relay 
data) : 
= 0, Minitrack equatorial mode 
= 1, Minitrack polar mode 
= 2, satellite PLL mode 
= 3 ,  satellite crystal mode 
= 4, ground crystal mode 
= 5 ,  ground PLL mode 

MM = frequency band indicator (applies 
to TDRS one-way or two-way Doppler data 
from usef spacecraft but not to user 
ground transponders): 
= 1, S-Band 
= 2, S-Band 
MM multiple-access indicator (applies 
to TDRS beam angles): 
= 1, single-access 
= 2 ,  multiple-access 
RR = data rate indicator for ATSR range 
rate data in sidetone, coherent, and 
ground relay mode: 
= 4, 6 observations per minute 
= 0, all others 
Also applies to TDRS two-way, hybrid O K  
differenced one-way Doppler data from 
ground transponder but not to user 
spacecraft: 
= 1, data rate is greater than O K  equal 

t o  40 observations perminute 
= 2, data rate is between 9 and 40 

observations per minute 
= 3, data rate is less  than or equal to 

9 observations per minute 

OK 

l -  
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SPHERE 
(OGOPT) 

SPHERE 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

co iumns Format DescriDtion 

1-8 A8 SPHERE--keyword to set the sphere of 

9-11 I3 Index of body I . 

influence for the! planetary bodies 

12-14 I3 Index of body J 
15-17 I3 Index of body K 
1%-38 G21.14 Radius of sphere of influence (kilo- 

meters) for body I 
39-59 G21.14 Radius of sphere of influence (kilo- 

meters) for body J 
60-80 G21.14 Radius of sphere of influence (kilo- 

meters) for body K 

See Appendix B for body indexes. 
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SPHINF 
(OGOPT) 

SPHINX? 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 SPHINF--keyword to set the sectioning 
indicator for crossing when the sphere 
of influence of the central body is 
c r o s sed 

9-11 I3 Flight section I 
12-14 I3 Flight section J . 

15-17 I3 - Flight section K 
18-38 G21.14 Sphere-of-.influence indicator for sec-. 

tion I 
39-59 G21.14 Sphere-of-influence indicator for sec- 

60-80 G21.14 Sphere-of-influence indicator for sec- 
tion J 

tion K 

A value of 1.0 will set the switch to change section at 
sphere of influence of central body, and a value of 2.0 will 
turn the switch.off. The default value is 1.0. 
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SSCOVAR 
(DCOPT) 

SSCPVAR 

a Card format: ( A 8 ,  313, 3621.14) 

a Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 SSCOVAR--keyword to set upper triangle 
of the a priori state covariance matrix 
for an ATSR relay satellite 

9-11 I3 Packed row-and-column integer for ele- 
ment I (see Note 1) 

12-14 I3 Packed row-and-column integer for ele- 
ment J (see Note 1) 

15-17 I3 Packed row-and-column integer for ele- 
ment K (see Note 1) 

18-38 G21.14 .Matrix element I (see Note 2) 
39-59 G21.14 Matrix element J (see Note 2) 
60-80  G21.14 Matrix element L (see Note 2) 

NOTES: 1. The packed row-and-column integer is given by 
10 tow number + column number. 

2. At present only  the diagoaal elements are used 
in GTDS f o r  the a.priori covariance matrix be- 
cause of space limitations. 
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SSELEM1 
(DCOPT) 

SSELEMl 

0 Card format: (A8 ,  313, 3G21.14) 

e Applicable programs: DC 

e Detailed format: 

Columns Format DescriDtion 

1-8 A8 SSELEM1--keyword to set the first three 
components of the initial state vector 
of the ATS relay satellite and to iden- 

9-11 13 

12-14 13 

tify the coordinate system and solve- 
for status of the initial state 
= 0, do not solve f o r  ATS relay satel- 

lite state (default) 
f 0, solve for ATS relay satellite 

state 

Input coordinate system orientation: 
= 1, mean Earth equator and equinox of 

= 2, true of reference, Earth equator, 

= 3, true of epoch, Earth equator, and 

= 4, mean ecliptic and equinox of 1950.0 
= 5, true of epoch, ecliptic, and 

1950.0 

and equinox 

equinox 

equinox 
LS-17 13 Input coordinate system type: 

= 1, Cartesian 
= 2, Keplerian 
Cartesian Keolerian 

18-38 G21.14 X position Semimajor axis (a) 
39-59 G21.14 Y position Eccentricity (e) 
60-80 G21.14 Z position Inclination (i )  

Columns 18 through 80 have no default values. 
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SSELEMZ 
(DCOPT) 

SSELEM2 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format D€!S c r i D t i 0 n 

1-8 A8 SSELEMZ--keyword to set the second three 
components of the initial state of the 
ATS relay satellite 
(Units are kilometers, kilometers per 
second, and degrees.) 

Ca r t es ian 
9-17 313 Blank 

KePler ian 

18-38 G21.14 X velocity Longitude of ascending 

* 39-59 G21.14 Y velocity Argument of perigee (0) 
node (0) 

60-80 G21.14 Z velocity Mean anomaly (M) 

This keyword has no default values. 
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SSEPOCH 
(DCOPT) 

SSEPOCH 

0 Card format: (A8 ,  313, 3621.34) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 

9-17 
18-38 

39-59 

60-80 

- NOTE : 

A8 SSEPOCH--keyword to set the epoch f o r  
the ATS relay satellite 
Blank 

(see Note) 

(hhmmss.sss8) (see Note) 
Blank 

621.34 Year, month, day of epoch (yymmdd.0) 

G21.14 Hours, minutes ,  seconds of epoch 

When blank, this value will default to the value on 
the EPOCH keyword card. 
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SSOPT 
(DCOPT) 

SSOPT 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 SSOPT--keyword to set the orbit genera- 
tor type for the ATS relay satellite 
orbit and to set the spacecraft param- 
eters for the ATS relay satellite 

orbit generator type on the ORBTYPE 
keyword) : 
= 1, time-regularized Cowell - 2, Cowell 
= 6, pregenerated ORBIT File 

9-11 I3 Orbit generator type (defaults to the 

12-14 I3 Atmospheric editing switch (editing 
implies rejecting observations due to 
the relative position of the satellites 
and the atmosphere) : 
= 0, edit (default 
f 0, do not edit 

15-17 Blank 
18-38 G21.14 Average cross-sectional area used for 

solar rad-iation computation (kilo- 
meters21 

39-59 G21.14 Spacecraft mass (kilograms) 
60-80 G21.14 Diameter of the spacecraft body (kilo- 

meters) 
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SSTSIM 
(DCOPT) 

SSTSIM 

0 Card format: (A8,  3 1 3 ,  3G21 .14 )  

0 Applicable programs: DATASIM 

0 Detailed format: 

Columns Format 

1-8 A8 

9 - 1 1  1 3  

1 2 - 1 4  I3 

15-17  I3 

1 8 - 3 8  G21 .14  

39 -59  G 2 1 . 1 4  

60-80  

SSTSIM--keyword to set the necessary 
parameters used in simulation of ATS 
SST data 
FRN of the relay satellite ORBIT File: 
Unit 1 9  = ORBIT File with partial deriv- 

atives (direct access) 
Unit 2 0  = ORBIT File without partial de- 

rivatives (direct access) 
Unit 2 1  = ORBIT File with pattial deriv- 

atives (sequential) 
Unit 2 2  = ORBIT File without partial de- 

rivatives’ (sequential) 
Mode of data to be simulated: 
= .  2 ,  phase-locked loop 
= 3 ,  crystal 
Fr equency ind ica to r : 
= 1, 5 9 5 0  and 3 7 5 0  megahertz 
= 2 ,  5 9 6 0  and 3 9 5 0  megahertz 
= 3 ,  5 9 5 0  and 4 1 5 0  megahertz 
i 4 ,  6 1 5 0  ‘and 3 7 5 0  megahertz 
= 5 ,  6 1 5 0  and 3 9 5 0  megahertz 
= 6 ,  6 1 5 0  and 4 1 5 0  megahertz 
= 7, 6 3 5 0  and 3 7 5 0  megahertz 
= 8 ,  6 3 5 0  and 3 9 5 0  megahertz 
= 9 ,  6 3 5 0  and 4 1 5 0  megahertz 
= 0, nondestruct data 
f 0, destruct data 
Delta F: 
1 2 . 1 5  = NIMBUS-F 

5 . 8 8 7 5  = Geodynamics Experimental Ocean 
Satellite (GOES) 

- 2 . 4  = Apollo-Soyuz Test Project 
(ASTP) 

Blank 
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STATE P AR 
(OGOPT 1 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: EPHEM, DC, ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-8 A8 STATEPAR--keyword to set the state vec- 
tor partial derivatives switch to com- 
pute state partial derivatives in an 
EPHEM Program run, or to indicate state 
solverfor parameters in a DC Program run 

9-11 I3 

12-14 I3 

15-17 I3 

State solve-for parameter component 
type: 
= 1, Cartesian unknowns (default) 
= 2, Keplerian unknowns 
= 3, spherical unknowns 
= 4, DODS unknowns (default for Brouwer 

Mapping of initial state covariance 
matrix (for orbit generator only): 
= 1, yes 
= 2, no (default) 
Angle Phi for DODS unknowns type: 
= I, argument of latitude 
= 2, argument of perigee at epoch (de- 

= 3, true anomaly + argument of perigee 

4, true anomaly + argument of perigee 

and Brouwer-Lyddane) 

fault) 

at epoch 

at time t 
18-39 G21.14 Value of argument of latitude if value 

in columns 15 through 17 is 1.0 
39-59 021.14 Method of computing state partial de- 

rivatives switch: 
= -1.0, analytic state partial deriva- 

# 1.0, numerical state partial deriva- 
tives . 

t ives 
Blank 6 0 - 8 0  
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STATEPAR 
(OGOPT) 

This catd is used in conjunction with the STATETAB keyword 
card. Selection of particular state components to be in- 
cluded in the solve-for state can be made with the STATETAB 
keyword card. 

In the absence of the.STATETAB keyword card’ 

1. No state partial derivatives will be computed for 
an EPHEM program run 

2. Six state partial derivatives will be solved for in 
a DC Program run. The partial derivatives will be 
of the Cartesian type unless overridden by the 
STATEPAR card. The STATETAB card can also be used 
to turn off state partial derivatives-computation 
for a DC Program run. 

- 
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STATETAB 
(OGOPT) 

STATETAB 

0 Caid format: (AB, 313, 3621.14) 

0 Applicable programs: EPHEM, DC, ANALYSIS 

0 Detailed format: -l 

Columns Format Description 

1-8 A8 STATETAB- -keyword[ t o  set the required 
state'parameters components for com- 
putation of partial derivatives and/or 
solve-for state parameters 

9-11 I3 Parameter type code (unknown) I 
12-14 I3 Parameter type code (unknown) J 
15-17 I3 Parameter type code (unknown) K 
'18-38 G21.14 Parameter type code (unknown) L in real 

39-59 G21.14 Parameter type code (unknown) M in real 

6 0 - 8 0  G21.14 Parameter type code (unknown).N in real 

format 

format 

format 

See Appendix A, Table A-1, for the appropriate parameter 
types. The default values are 1 through 6. 

In a DC Program run, the default will be to compute a l l  s i x  

partial derivative components. To reduce or change the nun- 
ber of unknowns, the STATETAB card is required. If no state 
partial derivatives are desired, this card must be present 
with the first integer field (columns 9 through 11) blank. 
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STEPSIZE 
(OGOPT) 

STEPSIZE 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 
\ 

0 Detailed format: 

Columns Format Description 

1-8 A0 STEPSIZE--keyword to set the integra- 

9-11 I3 - Flight section I 
12-14 I3 Flight section J 
15-17 13 Flight section K 
18-38 G21.14 Stepsize (seconds) for section I 
39-59 G21.14 Stepsize (se.conds) f o r  section J 
6 0 - 8 0  G21.14 Stepsize (seconds) for section K 

tion stepsize by flight section 

The stepsize for section one is normally set using the mdn- 
datoty ORBTYPE keyword card. Specifying section one on t h i s  
card will cause this initial stepsize to be overridden. A 

maximum of LO flight sections is allowed. 
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TDRBATCH 
(TDROPT) 

TDRBATCH 

0 Card format: (A8 ,  313, 3G21.14) 

0 Applicable programs: DC 

a Detailed format: -l 

Columns Format De S c r i D t i 0 n 

1-8 AB TDRBATCH--keyword to set the batching 
criterion override to TDRSS Statistical 
Output Report 

9-11 I3 -Telemetry bit rate override option: - 0, user telemetry bit rate is keyed 
on to form batches (default) - 1, user telemetry bit rate is not 
keyed on to form batches 

12-14 I3 

15-17 I3 

Multiple access (MA) RF Beam Forming 
Equipment ID override option: 
.= 0, MA Link ID is keyed on to form 

= 1, MA Link ID ns not keyed on to form 

Return-link tracking frequency override 
option: 
= 0, return-link tracking frequency is 

keyed on to form batches (default) 
= 1, return-link tracking frequency is 

not keyed on to form batches 

batches (defau 1 t ) 

batches 

18-38 G21.14 VIC override optj.on: 
= 0, VIC is keyed on to form batches 

= 1, VIC is not keyed on to form 

Blank 

(default ) 

batches 
39-80 
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TDRCOVl 
(TDROPT) 

TDRCOVl 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns 

1-8 

9-11 

12-14 

15-17 

18-38 
6 0 - 8 0  

NOTES : 

Format Description 

A8 TDRCOVL-keyword to set the upper tri- 
angle of the a priori state covariance 
matrix f o t  the TDRS placed in position 1 
(columns 9 through 11) on the TDRTD 
card (see the TDRID card for a 
description) 

ment I (see Note I) 

ment J (see Note 1) 

I3 Packed KOW-dnd-COlUIUn integer for ele- 

I3 Packed row-and-column integer for ele- 

13 Packed row-and-column integer for ele- 
ment K (see Note 1) 

G21.14 Matrix element J (see Note 2) 
G21.14 Matrix element K (see Note 2) 

1, The packed row-and-column integer is given by 
LO * row number + column. 

2. Currently, only the DIAGONAL elements are ac- 
tually used to set the a priori covariance 
matrix. 
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TDRCOVZ 
(TDROPT) 

TDRCOV2 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 
-’ 

Columns 

1-8 

9-11 

12-14 

15-17 

18-38 
39-59 
60-80 

NOTES : 

Format Description 

Aa TDRCOV2--keyword to set the upper tri- 
angle of the a priori state covariance 
matrix for the TDRS placed in position 2 
(columns 12 through 14) on the TDRID 
card (see the TDRID card for a 
description) 

I3 Packed row-and-column integer for ele- 
ment I (see Note 1) 

I3 Packed row-and-column integer for ele- 
ment J (see Note 1) 

I3 Packed row-and-column integer for ele- 
ment K (see Note 1) 

G21.14 Matrix element I (see Note 2) 
G21.14 Matrix element J (see Note 2) 
G21.14 Matrix element K (see Note 2) 

1. The packed- row-and-column integer is given by 
10 row number + column. 

2. Currently, only the DIAGONAL elements are ac- 
tually used to set the a priori covariance 
mat r ix . 
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TDRCOV3 
(TDROPT) 

TDRCOV3 

0 Card format: (A8 ,  313, 3G21.14) 

0 Applicable programs: DC 

Detailed format: * 

Columns Format DescriPtion 

1-8 A8 TDRCOV3--keyword to set the upper tri- 
angle of the a priori state covariance 
matrix for the TDRS placed in placed i'n 
position 3 (columns 15 through 17) on 
the TDRID card (see the TDRID card for 
a description) 

9-11 13 Packed row-and-column integer for ele- 
ment I (see Note 1) 

12-14 I3 Packed row-and-column integer. for ele- 
ment J (see Note 1) 

15-17 I3 Packed row-and-column integer f o r  ele- 
ment K (see Note 1) 

18-38 G21.14 Matrix element I (see Note 2) 
39-59 .G21.14 Matrix element J (see Note 2) 
60-80 G21.14 Matrix element K (see Note 2) 

NOTES: 1. The packed row-and-column integer is given by 
10 * row number + column. 

2.  Currently, only the DIAGONAL elements are ac- 
tually used to set the a priori covariance 
matrix. 
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TDRELEMl 
(TDROPT) 

TDRELEMl 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format DescriPtzon 

1-8 A0 TDRELEML-keyword to set the first three 
components of the! initial state vector 
of a TDRS and the! coordinate system 

9-11 I3 TDRS number ( =  SIC - 1299, where SIC = 
. Support Identification Code. See the 

TDRID keyword description for further 
information.) 

12-14 I3 

15-17 I3 

Input reference system orientation: 
= 1, mean Earth equator and equinox of 

= 2, true of reference, Earth equator, 

= 3, true of epoch, Earth equator, and 

= 4, mean ecliptic and equinox of 1950.0 
= 5 ,  true of epoch, ecliptic, and 

Input coordinate system type: 

1950.0 

and equinox 

equinox 

equinox 

= 1, Cartesian 
= 2, Keplerian 
= 3 ,  Spherical 
Cartesian KeDlerian 

18-38 G21.14 X position Semimajor 
(kilo- axis (a) 
meters) (kilo- 

meter's) 
39-59 G21.14 Y position Eccentric- 

(kilo- itY (e) 
meters) 

60-00 G21.14 2 position Inclina- 
(kilo- tion (i) 
met er s ) (degrees ) 

SDher i ca 1 
Right ascension 
(a) (degrees) 

Declination ( 6 )  
(degrees) 

Flight path 
angle ( B )  (de- 
grees) 

149 
4-231 



. .  

DOC. NO. REV. NO. 
SD-85/6738 2 -0 

TDRELEMZ 
(TDROPT) 

TDRELEMZ 

0 Card format: (A80 313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format 

1-8 A8 

9-11 13 

. 12-17 

18-38 .G21.14 

39-59 G21.14 

60-80 G21.14 

TDRELEMt--keyword to set the second 
three components of the initial state 
of a Tracking and Data Relay Satellite 
TDRS number ( =  SIC - 1299, where SIC = 
Support Identification Code. See the 
TDRID keyword description for further 
information. The TDRS aumbet must NOT 
be zero or 
Blank 
Cartes iaa 
X velocity 
(kilo- 
meters per 
second) 
Y velocity 
(kilo- 
meters per 
second) 
Z velocity 
(kilo- 
meters per 
second) 

left blank.) 

KePreC ian 
Longitude of 
ascending 
node ( Q )  
(degrees) 
Argument of 
perigee ( 0 )  
(degrees) 

Mean anomaly 
(M) (degrees) 

0 SP he t i ca  1 
Azimuth ( A )  
(degrees) 

Radius ( f )  
( ki lome t er s ) 

Velocity ( v )  
(kilometers 
per second) 
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TDREPOCH 
(TDROPT) 

TDREPOCH 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 TDREPOCH--keyword to set epoch for 

9-11 I3 TDRS number ( =  SIC - 1299, where SIC = 

Tracking and Data Relay Satellite 

Support Identification Code. See the 
TDRID card for further information.) 

12-14 Blank 
15-17 I3 = 0, epoch supplied in columns 18 

through 59 (default) 
= 1, epoch retrieved from Permanent Ele- 

ments or 24-Hour Hold Elemen File 
( A  TDRWKELS keyword card must be 
included in deck if 1 is input. 
Columns 18 through 59 will be 
igno.red if 1 is input.) 

18-38 G21.14 Year, month, day of-epoch (yymmdd.0) 
39-59 G21.14 Hours, minutes, seconds of epoch 

(hhmmss.ssss) 
60-80 G21.14 Automatic epoch advance option--year, 

month, day, hour, minute, seconds of 
epoch about which to perform differen- 
tial correction (yymmddhhmmss.ssss). 
The'default is no epoch advance desired. 
This option is valid only for the DC 
Program. 
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TDRFILES 
(TDROPT) 

TDRFILES 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

9-11 13 

1-8 AB TDRFILES--keyword to specify the crea- 
tion of an output ORBIT File at the end 
of a DC Program, and to set the levels 
and times of the ORBIT File 
TDRS number ( =  SIC - 1299, where SIC = 
Support Identification Code. See The 
TDRID card for further information.) 
If 'zero or blank, all the values on 
this cara apply to all TDRS satellites 
in the run (default = 0). 

12-14 I3 Level of output ORBIT File (see Note): 

(default ) 

that is to be generated 

= 0, no file is to be generated 

> 0, level of the direct access file 

15-17 Blank 
18-38 G21.14 Start time of output ORBIT File 

39-59 G21.14 End time of output ORBIT File 

6 0 - 8 0  Blank 

(mmmddhhmmss.ssss) (no default) 

(mmmddhhmmss.ssss) (no default) 

- NOTE: A TDRS ORBIT Files are DAIO direct access files that 
can have multiple levels (default = 1). See the 
TDRORB card for JCL overrides. 
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TDRFILES 
(TDROPT) 

The output ORBIT Files will be generated on the following 
FORTRAN data sets: 

FRN TDRS - 
TDRS in position 1 97 

TDRS in position 3 99 

TDRS in position 2 98 

See the TDRID card for definitions of positions 1, 2, and 3. 
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TDRID 

0 Card format: (A8,  313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

TDRID 
(TDROPT) 

(mandatory for TDRSS runs) 

Columns Format Descriution 

1-8 

9-11 
12-14 
15-17 
18-38 

39-59 

6 0 - 8 0  

NOTE : 

A0 TDRID--keyword to set the Tracking and 
Data Relay Satellite (TDRS) identifier 

* and the seven-digit international des- 
ignator. (This card must be the first 
card in the TDROPT subdeck.) 

13 TDRS number (see Note) 
I3 TDRS number (see Note) 
I3 TDRS number (see Note) 
G21.14 Seven-digit international designator for 

the TDRS identified in columns 9 
through 11 

the TDRS identified in columns 12 
through 14 

the TDRS identified in columns 15 
thzough 17 

G21.14 Seven-digit international designator f.or 

G21.14 Seven-digit international designator for 

TDRS number = SIC - 1299, where S I C  = Support Identi- 
fication Code. The TDRS numbers specified in col- 
umns 9 through 11, columns 12 through 14, and 
columns 15 through 17 are stored sequentially at the 
first, the second, and the third locations, respec- 
tively. Any TDRS number can be placed in any of the 
positions. It is completely arbitrary. The following 
are two examples of input. 

Examule 1: 

Column 1 11 14 17 2 0  4 0  6 0  
TDRID 3 7 1 7990301. 7990701. 7990101 

TDRS number 3 occupies position 1 
TDRS number 7 occupies position 2 
TDRS number 1 occupies position 3 
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.TDRID 
(TDROPT) 

(mandatory for TDRSS runs) 

TDRID 0 0 7 0 . 0  0 . 0  7990101 

TDRS number 7 occupies position 3 

The GTDS user must place an entry on the TDRID card for each 
TDRS relay for which data is to be included in a DC run 
(MAXIMUM = 3). 

The designators of the first, the second, and the third po- 
sitions will be used internally in GTDS to link satellite- 
dependent information with a specific relay satellite. Once 
the positions have been set through the TDRID card, the 
input on TDRCOV1, TDRCOVZ, TDRCOV3, TDRFILES, TDRORB, and 
TDRWKELS keyword cards and JCL overrides must be consistent 
with the positions designated. 

Therefore, TDRCOVl is f o r  the  TDRS located at posttion 1 
(columns 9 through 11 of TDRID card), TDRCOV2 for the TDRS 
at position 2 (columns 12 through 14 of TDRID card), and 
TDRCOV3 for the TDRS at position 3 (columns 15 through 17 of 
TDRID card). 

In cases of using pregenerated TDRS ORBIT Files for DC and/or 
requesting TDRS ORBIT Files after DC, it is important that 
the user know in which position a TDRS satellite has been. 
placed, in order to make the correct JCL overrides and data 
set allocations. (See the TDRFILES and TDRORB keyword card 
descriptions.) 

In the case of TDRS epoch elements to be retrieved from a 
pregenerated ORBIT File through keyword TDRWKELS, elements 
for the TDRS assigned to position 1 will be retrieved from 
FT71, elements for the TDRS at pogition 2 from FT72, and 
elements for the TDRS at position 3 from FT73. Proper JCL 
overrides must be consistent with the positions designated 
to each TDRS spacecraft. 
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TDRMODEQ 
(TDROPT) 

TDRMODEQ 

e Card format: (A8, 313, 3621.14) 

e Applicable progtams: DC 

e Detailed format: 

Columns Format DescriPtion 

1-8 A8 TDRMODEQ--keyword to set the maximum 
. order and degree to be used in evaluat- 

ing the nonspherical potential of the 
central body when evaluating the equa- 
tions of motion of the satellite 

9-11 I3 TDRS number ( =  SIC - 1299, where SIC = 
Support Identification Code. See the 
TDRID keyword.description for further 
information.) If the TDRS number is 
zero OK left blank, the values on this 
card apply to all TDRS satellites in 
the run (default = 0). 
Maximum order (0 5 N 5 21; default = 4) 

Maximum degree ( 0 . 5  N 5 21; default = 4) 

Blank 

12-14 I3 
15-17 I3 
10-80 
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TDRMODVE 
(TDROPT) 

TDRMODVE 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format DescriDtion 

9-11 13 

12-14 I3 
15-17 I3 
18-80 

1-8 A8 TDRMODVE--keyword to set the maximum 
order and degree of the nonspherical 
potential of the central body to be . 
used for the variational equations (the 
order and degree of the variational 
equations must be less than or equal to 
the order and deqree of the equations 
of motion, respectively) 
TDRS number ( =  SIC = 1299, where SIC = 
Support Identkfication Code. See the 
TDRID keyword description for further 
information.) If the TDRS number is 
zero or left blank, the values apply to 
all TDRS satellites in the run 
(default = 0). 

Maximum order (0 N L. 21; default = 0) 

Maximum degree (0 5 N 5 21; default = 2) 
Blank 
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TDROBSIN 0 
(TDROPT) 

TDROBS IN 

0 Card format: ( A 8 , ' 3 1 3 ,  3G21.14)  

0 Applicable programs: DC, DATAMGT 

0 Detailed format: 

Columns Format DescriPtion . 

1-8 A8 TDROBSIN--keyword to set the Tracking 
and Data Relay Satellite (TDRS) obser- 
vation data input detail override flags 

TDRS in position 1 (see the TDRID key- 
word card description): 
= 0, yes (default) 
= 1, no 

TDRS in position 2 (see the TDRID key- 
word card description): 
= 0, yes (default) 
= 1, no 

TDRS in position 3 (see the TDRID key- 
word card description): 
= 0, yes (default) - 1, no 

18-38 621.14 Include ground transponder relay obser- 
vations for TDRS in position 1 (see the 
TDRID keyword card description): 
= 0.0, yes (default) 
= 1.0, no 

3 9 - 5 9  G21.14 Include ground transponder relay obser- 
vations for TDRS in position 2 (see the 
TDRID keyword card description): 
= 0.0, yes (default) 
= 1.0, no 

60-80 G21.14 Include ground transponder relay obser- 
vations for TDRS in position 3 (see the 
TDRID keyword card description): 
= 0.0, yes (default) 
= 1.0, no 

9-11' I3 Include direct tracking observations for 

12-14 I3 Include direct tracking observations for 

15-17 I 3  Include direct tracking observations for 
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TDROBSIN 
(TDROPT) 

The TDROBSIN card adds extra Data Management observation 
selection criteria to the selection criteria specified on 
the OBSINPUT card under option 2. If direct tracking (USB, 
SRE) of.the relay satellites has been requested on the 
OBSINPUT card, the direct tracking data for specific relay 
satellites may be suppressed by using the TDROBSIN card. If 
relay tracking data have been requested on the OBSINPUT 
card, the ground transponder relay data for specific relay 
satellites may be suppressed by using the TDROBSIN card. If 
direct tracking data for the relays have not been requested 
on the OBSINPUT card, the three integer fields on the 
TDROBSIN card will be ignored. 

14 9 
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s ~ - a ~ m a  2 

TDROPT 
(subdeck identifier) 

TDROPT 

0 Card format: (A8, 313, 3623.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 TDROPT--keyword to specify processing of 

9-80 Blank 
the TDROPT subdeck 

The TDROPT subdeck can contain the following keyword cards: 

TDRBATCH TDRELEM2 TDRMODVE TDRSTEP 
TDRCOVl TDREPOCH TDROBS IN TDRSTPAR 
TDRCOV2 TDRFILES TDRORB 
TDRCPV3 TDRID TDRREFLC 
TDRELEMl TDRMODEQ TDRSCP RM 

TDRWKELS 
TDRXPNDR 

The TDROPT subdeck must terminate with the keyword END. If 
additional subdecks ate also used (DMOPT, DCOPT, OGOPT, 

. etc.), they must follow the TDROPT subdeck. Thus for TDRSS 
runs, TDROPT,must be the fitst subdeck and DMOPT must be the 
second subdeck in each program input deck. 
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TDRORB 
(TDROPT) 

TDRORB 

0 Card format: ( A 8 ,  313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format De! s c r i D t i o n 

1-8 A8 TDRORB--keyword to set the orbit gener- 
ator type for a Tracking and Data Relay 

. Satellite (TDRS) and to set the space- 
craft parameters for the satellite 

9-11 I3 TDRS number ( =  SIC - 1299, where SIC = 
Support Identification Code. See the 
TDRID keyword description for further 
information.) If the TDRS number is 
zero or left blank, the values on this 
card apply to all TDRS satellites in 
the run (default = 0). 

= 1, time-regularized Cowell 
= 2, fixed-step Cowell (default) 
= 6, pregenerated ORBIT File 
all, Permanent TDRS Orbit File (PTOF) 

15-17 I3 PTOF level number (orbit generator type 
11 only) (See Note) 

18-38 G21.14 FRN of PTOF (orbit generator type 11 
o n l y ) ,  must be either 71., 7 2 . ,  O K  73. 

39-80 Blank 

12-14 13 Orbit generator type for ORBIT Files: 

The ORBIT Files used during a TDRSS DC Program run can be 
either generated prior to the DC Program run (pregenerated 
ORBIT Files or PTOFs) or created during the DC'Program run 
(scratch ORBIT Files). These ORBIT Files contain the 
satellite ephemeris information (state vectors and, if 
desired, partial derivatives) needed to process the TDRSS 
tracking data. 
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The TDRS spacecraft  parameters previously entered on the 
TDRORB card are  now entered on the TDRSCPRM card. 
NOW: The level number s p e c i f i e d  i n  columns 15 through 17 

( f o r  o r b i t  generator type 11) i s  opt ional .  I f  not 
s p e c i f i e d ,  t h e  level w i t h  the l a t e s t  possib’le s t a r t  
time i s  used. 
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TDRORB 
(TDROPT) 

Pregenerated ORBIT Files and PTOFs 

A pregenerated ORBIT File or a PTOF may be input for any 
TDRS that is not being solved for in the DC program. This 
file will be used for all DC iterations and will not be 
updated during the DC program. 

The JCL overrides needed for the files are as follows: 

of data set, 

/ /  * 

A pregenerated' ORBIT File (orbit generatot type 6) must 
reside on the first level of the ORBIT File. The FORTRAN 
Reference Number to be used for such an ORBIT File is 
determined by the position of each TDRS specified on the 
TDRID keyword code, as  follows: 

Position of TDRS as Defined 
on the TDRID Card 

1 
2 
3 

FRN - 
71 
72 
73 

Any level of a PTOF may be used for the case of orbit gen- 
erator type 11, with the level number specified in columns 15 
through 17. This level number is the first (earliest) level 
number to be used, and more than one level will be used if 
necessary. A level number of -1 may be specified in co- 
lumns 15 through 17, and results in the use of the level with 
the latest possible start time. The F'RN to be used for a 
PTOF must be specified in columns 18 through 38. This FRN is 
entirely independent of the position of each TDRS specified 
on the TDRID card. 
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TDRORB 
(TDROPT) 

Currently, a pregenerated ORBIT File must reside on the 
first level of the ORBIT File. 

Scratch ORBIT Files 

Scratch ORBIT Files can be used for the user satellite and 
all the TDRS satellites. These ORBIT Files are created 
during the DC Program and are updated before each DC itera- 
tion, if needed. A scratch ORBIT Pile must be cqeated for 
each satellite that is included in the DC Program run and 
does not use a pregenerated ORBIT File. If no dynamic 
solve-for parameters (i.e., state vector, solar radiatioa 
pressure, drag, etc.) are being solved for a given- satel- 
lite, then its ORBIT'File should be created without partial 
derivatives. A file without partial derivatives will be 
created only once at the beginning of the DC Program run and 
will be used in all DC Program iterations without being 
updated. If any solve-for parameters are included in d rua 
for a given satellite, then a scratch ORBIT File must be 
created containing partial derivatives for that satellite. 
This file will be updated before each DC Program iteration 
with the updated state vector, solve-for parameters, and 
force model parameters. The FORTRAN data set to be used is 
determined by the position of each TDRS on the TDRID keyword 
card. The following FORTRAN Reference Numbers will be used 
for the scratch ORBIT Files: 

FRN - Satellite 

User satellite 80 

TDRS in position 1 as defined on TDRID card 97 

TDRS in position 2 as defined on TDRID card 98 

TDRS in position 3 as defined on TDRID card 99 
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TDRORB 
(TDROPT) 

PTOFs, pregenerated, and scratch ORBIT Piles are direct 
access data sets created by using the DAIO package. The 
scratch ORBIT File is always created on the first level 
(level = 1) of the ORBIT File data set. 

FRNs 97, 98, 99 are also used for the end of DC output ORBIT 
Files (see the TDRFILES Card for more information). 

- NOTE: For any TDRS using pregenerated ORBIT Files, no input 
elements via TDRELEMl and TDRELEMZ keyword card are 
required. 

4-247 
149 



DOC. NO. REV. NO. 
SD-85/6738 2 

a TDRREFLC 
(TDROPT) 

TDRREFLC 

0 Card format: (A8,  313, 3621.34) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 A8 TDRREFLC--keyword to set the reflecti- 
vity options and parameters for the TDRS 

9-11 13 TDRS number ( =  SIC - 1299, where SIC = 
Support Identification Code. See the 
TDRID card for further information.) If 
the TDRS number is zero or left blank, 
the values on this card apply to all 
TDRS satellites in the run (default = 
0 )  

12-14 13 . Mode options: 
= 0, do not  solve for, consider, or 

apply (default) 
= 1, apply and solve for 
= 2, consider ( n o t  currently applicable) 
= 3, appLy only 

15-17 I3 Parameter options: 
= 0, no input values for C and a 

= 1, use input values (in columns 18-38) 

C 

(use default values) 

and 61-80) 
18-38 621.14 Reflectivity coefficient (C,) 
39-59 Blank 
61-80 ' G21.14 Standard deviation of reflectivity (ac ) 

f 

NOTE : If elements are extracted from an elements file or PTOF 
using a TDRWKELS keyword card, solar radiation pressure 
will be "off" unless a TDRREFLC keyword card is used 
with the appropriate option in columns 12 through 14. 
The value of CR used will be the value retrieved from 
the elements file o r  PTOF if columns 15 through 17 con-  
tain 0. If a value of CR is required that differs 
from that o n  the €ile, a TDRREFLC card should be in- 
serted after the TDRWKELS card, with a CR value i n  
columns 18 through 38. 
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TDRSCPRM 
(TDROPT) 

TDRSCPRM 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 TDRSCPRM--keyword to set the TDRS space- 
craft parameters 

. 9-11 I3 TDRS number (see Note 1) 
If it is zero or left blank, a l l  the 
values on this card apply to a l l  TDRS 
satellites in the run (default = 0). 

12-17 Blank 
18-38 G21.14 Average cross-sectional area used for 

solar radiation computation 
(kilometersz) (see Note 2) 

39-59 G21.14 Spacecraft mass (kilograms) 
60-80 G21.14 Diameter of the spacecraft body 

(kilometers) 

NOTES: 1. TDRS No. = SIC-1299, where SIC = Support Iden- 
tification Code ,(see the TDRID keyword descrip- 
tion for further information.) 

2. The average cross-sectional area is used if the 
diameter is not specified on columns 60 through 
80. 
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TDRSTEP 
(TDROPT) 

TDRSTEP 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A0 TDRSTEP--keyword to set the integration 
stepsize for the TDRSS relay satellites 

9-11 I3 TORS number ( =  SIC - 1299, where SIC = 
Support Identification Code. See the  
TDRID card for further information.) 
If the TDRS number is zero O K  left 
blank, the values on this card apply t o  
all TDRS satellites in- the run 
(default - 0). 

12-14 Blank 
15-17 Blank 
18-38 G21.14 Integration stepsize in seconds for 

Cowell integration (default = 
600 seconds): or number of steps per 
revolution for time-regularized Cowell 
integration (default = L O O )  

39-80 Blank 
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TDRSTPAR 
(TDROPT) 

TDRSTPAR 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns 

1-8 

9-11 

12-14 
15-17 

18-38 

Format DescriDtion 

A8 TDRSTPAR--keyword to set the state vec- 
tor partial derivatives switch to com- 
pute state partial derivatives in a DC 
Program run for a TDRS 

I3 TDRS number ( =  SIC - 1299, where SIC = 
Support Identification Code. See the 
TLIRID card for further information-) 
If the TDRS number is zero or left 
blank, all the values on this card 
apply to all TDRS satell’ites in the run - 
(default = 0) 

Blank 

type: 
= 1, Cartesian unknowns (default) 
= 2, Keplerian unknowns 
= 3, spherical unknowns 

I3 State solve-for parameter component 

G21-14 Mode option: 
. . = 0.0, neither solve-for nor consider 

(default) 
= 1.0, solve-for 
= 2.0, consider (not currently appli- 

Blank 
cable) 

39-80 
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TDRWKELS 
(TDROPT) 

TDRWKELS 

Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 TDRWKELS--keyword to retrieve elements 
from elements files for Tracking and 
Data Relay Satellite spacecraft and to 
write elements to the files at the end 
of the DC Program run. This keyword is 
not applicable to the user satellite. 
Keyword WORKELS is to be used for the 
user spacecraft. 

9-11 I 3  

12-14 I3 

15-17 13 

149 

TDRS number ( =  SIC - 1299, where SIC = 
Suppart Identification Cbde. .See the 
TDRID card for further information.) If 
the TDRS numbet is zero or blank, all 
the values on this card apply to all the 
TDRS satellites in the run, but only 
when the value in columns 12-14 is 0 or 
6. 

Retrieve input elements from the 
following source: 
= 0, TDRELEMl and TDRELEM2 (default) 
= 1, GTDS Permanent Elements File 
= 2, 24-Hour Hold Elements File 
= 6, pregenerated ORBIT Pile 
= 7, permanent TDRS ORBIT File (PTOF) 

For elements source 0, 1, or 2: 
Write elements at end of DC to elements 
files: 
= 0, no output to any elements file 

= 1, write elements to the GTDS Per- 

= 2,.write elements to the GTDS 24-Hour 

(see Note 2) 

(default ) 

manent Elements File 

Hold Elements File 
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I 

Columns 

18-38 

39-59 

6 0 - 8 0  

NOTES-: 

TDRWKELS 
(TDROPT) 

Format De S c c i D t i 0 n 

For elements source 7: 
FRN of PTOF (must be either 71, 72, o f  
73 1 

G21.14 For elements source 0 or 6: 
Blank 
For elements source 1 or 2: 
Element set number for element rettieval 
For element source 7: 

. PTOF level number (see Note 3) 
G21.14 For elements source 0, 1, .2,  or 6:  

Blank 
For elements s0UI:ce 7: 
Year, month, .day of elements to be 
retrieved (yyymmdd.) (see Note 3) 

G21.14 For elements source 0, 1, or 2, when 
value in columns 15 through 17 is I: 
Permanent E1ement:s File password 
For elements source 7: 
Hour, minute, seconds of elements to be 
retrieved (hhmmss.ssss) (see Note 3) 

1. If elements are to be retrieved from pregener- 
ated ORBIT File, a corresponding TDREPOCH key- 
word must be included. Thie elements associated 
with the time specified on TDREPOCH will be 
retrieved from the following FORTRAN data  sets: 

TDRS - FRN - 
If the TDRS is in position 1 71 

If the TDRS is in position 3 73 

If the TDRS is in position 2 72 

See the TDRID card for explanation of 
positions 1, 2, and 3 .  Elements are retrieved 
from level 1 for this case. 

TDREPOCH keyword card is needed. 
2. If elements are to be retrieved from a PTOF, no 
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3. Either the level number or the time (or both) 
must be specified. If only the level number is 
specified, the epoch vector fot that level is 
retrieved. If only the time is specified, the 
level with the latest possible start time is 
used for element retrieval, but -1 should be 
used for the level number. 

4. If solar radiation pressure is to be used and 
the value of CR is to be retrieved from a 
PTOF, a TDRREFLC card must be included to turn 
the solar radiation pressure flag on. See the 
TDRREFLC card for a full description. 
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TDRXPNDR 
(TDROPT) 

TDRXPNDR 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 

9-11 

A8 TDRXPNDR--keyword to set the satellite 
transponder delay (see Note 1) and to 
set the switch t o  solve for that delay 
in a TDRSS run (see Note 2) 

I3 TDRS number ( =  SIC - 1299, where SIC = 
Support Identification Code. See TDRID 
keyword description for further de- 
scription.) 
If the TDRS number is zero, the delay 
of the user satellite is intended. 
Solve-for flags: 
= 0, apply transponder delay 
= 1, apply and solve for transponder 

delay 

12-14 I3 

15-17 
18-38 
39-59 

60-80  

NOTES : 

Blank 
G21.14 A priori transponder delay in seconds 
G21.14 A priori transponder delay standard 

deviation in seconds 
B l a n k  

1. The transponder delay specified by this card is 
the interval in time between the receipt of the 
signal by the satellite and the transmission of 
the signal. If the pa,th of the signal intercepts 
a satellite more than once, as in the case for a 
TDRSS two-way measurement, then the transponder 
delay for that satellite will be applied each 
time. The transponder delays are applied to the 
round-trip range values. The sum is divided by 
2.0 to yield the range values reported in the DC 
Program Observation Residuals Report. 

delay in a TDRSS run, see Station Card 5, 
/*******5, keyword description. 

2. When applying or salving for ground transponder 

4-255 
149 



DOC. NO. REV. NO. 
~ ~ - 8 ~ 6 7 3 8  2 

THRSTCOF 

0 Card format: (Ad, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format 

1-8 13 

9-11 13 
12-14 13 

15-17 
18-38 G21.14 

39-59 G21.14 

6 0 - 8 0 ,  G21 . 14 
A maximum of three 

THRSTCOF 
(OGOPT) 

Descript ion 

THBSTCOP--keyword to set polynomial 
coefficients (kilometers/second2) of 
thrust.by flight section. The 
polynomial is of the following form: 

2 7 %hrus t = al + azt + agt + ... + a8t 

Flight section I 
31 J ,  subscript for coefficient appearing 

in columns 18-38 (where J = 1, 4 ,  
Of 7) 

Blank 
Polynomial coefficient corresponding to 
Jth subscript for section I 
Polynomial coefficient corresponding to 
(J + 1)st subscript for section I 
Polynomial coefficient corresponding to 
(J + 2)nd subscript for section I 

THRSTCOF cards may be used for each 
flight section. Blanks in real fields are entered as zero. 

If thrust coefficients are to be solved for in a DC Program 
run, only one flight section covering the entire observation 
timespan is allowed. 
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THRSTPAR 
(OGOPT) 

THR S TP AR 

0 Card format: (A8, '313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 THRSTPAR--keyword to establish the num- 
bet of polynomial. coefficients of thrust 
to be solved for by flight section 

9-11 I3 Flight section I 
12-14 I3 Flight section J 
15-17 I3 Flight section K 
18-38 G21.14 Number of coefficients to be solved for . 

in flight section I 
39-59 G21.14 Number of coefficients to be solved for 

in flight section J 
60-80 G21.14 Number of coefficients to be solved for 

in flight section K 

If coefficients of thrust magnitude acid thrust axis 
orientation are to be solved for in a DC Program run, only 
one flight section covering the entire! observation timespan 
is allowed. 
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THRSTVAR 
(OGOPT) 

THBSTVAB 

0 Card format: (A80 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 THRSTVAR--keyword to set the variances 
of thrust acceleration, vehicle right 
asceasion, and vehicle declination 

9-17 Blank 
18-38 G21.14 Variance of thrust acceleration 
39-59 Gtl. 1 4  Variance of right ascension o f  thrust 

vector 
60-80  G21.14 Variance of declination of thrust vector . 
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THRUST 
(OGOPT) 

THRUST 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 THRUST--keyword t o  set the finite thrust 

9-11 I3 Flight section I 
12-14 13 Flight section J 
15-17. I3 Flight section K 
18-38 G21.14 Thrust option for section I 
39-59 G21.14 Thrust option for. section J 
60-80 G21.14 Thrust option for section K 

option by flight section 

A value of 1.0 in the real fields (GZT.14) will include 
thrusting effects in the force model for the specified sec- 
tion(s), and a value of 2.0 will cause thrusting effects to 
be ignored in the force model. The default value for this 
option is 2.0. The finite burn model must be supplied on 
the THRSTCOF keyword card when the thrust option is re- 
quested. Additionally, the default values for spacecraft 
attitude (right ascension and dec1inat:ion) are both zero. 
These may be modified by the ATTANG1 and ATTANG2 cards, 
respectively. 

If coefficients of thrust magnitude arid thrust axis orienta- 
tion are to be solved for a in a DC Program run, only one 
flight section covering the entire observation timespan is 
a1 lowed. 
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THSHORTl 
(OGOPT) 

THSHORTl 

0 Card format: (A8,  313, 3G21.14) 

0 Applicable programs: THMODEL (see Notes 1 and 2) 

0 Detailed format: 

Columns Format DescriPtion 

1-8 A8 THSHORTL-first keyword to initiate 
computation of thrust parameters for a 
Short burn 

9.- 11 I3 FSF output option 
0 = result from iteration of best esti- 

1 = result from last iteration will be 

2 = no result will be output to FSF 
12-14 13 Maximum number of iterations (default = 

8 )  

15-17 I3 Matrix freeze number to indicate number 
of times the initial coefficient matrix 
of numerical partials is to be used 
(default = unlimited) 

(default = 0.0176) 

(default = 0.0176) 

(default = 0.0176) 

mate will be output to FSF (default) 

output to FSF 

18-38 G21.14 Maximum tolerance in X position (km) 

39-59 G21.14 Maximum tolerance in Y position (km) 

60-80 G21.14 Maximum tolerance in 2 position (km) 

NOTES: 1. THMODEL is a standalone program; stacked ephem 
may not be used with it. 

2. When running THMODEL Program, all and only the 
following keyword cards must be used in the 
OGOPT card deck: THSHORTl, THSHORTZ, THSHORT3, 
THSHORT4, and THSHORTS. 

149 
4-260 



DOC. NO. REV. NO. 
SD-85/6738 2 

THSHORT2 
(OGOPT) 

THSHORT2 

0 Card format: (A8 ,  313, 3621.14) 

0 Applicable programs: THMODEL 

a Detailed format: 

Columns Format Description 

1-8 A8 THSHORTZ--second keyword to initiate 
computation of thrust parameters for a 
short burn 

iteration: 

1 = Yes (default) 

9-11 13 Option to output result at each 

0 = NO 

12-14 I3 Matrix optioni 
0 = thrust, pitch, yaw 
1 = thrust, pitch, yaw, thrust rate, 

pitch rate, and yaw rate (default) 
' 15-17 I3 Blank 

18-38 G21.14 Maximum tolerance in X velocity (km/sec) 
(default = 0.000176) 

39-59 G21.14 Maximum tolerance in Y velocity (km/sec) 
(default = 0.000176) 

See notes for keyword card THSHORT1. 
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THS HORT 3 
(OGOPT) 

THSHORT3 

0 Card format: (A8 ,  313, 3G21.14) 

0 Detailed format: 

Columns Format Description 

1-8  A8 THSHORT3--third keyword to initiate 
computation of thrust parameters for a 
Short burn 

9-11 I3 Blank 
12-14 I3 Blank 
15-1.7 13 Blank 
18-38  G21.14 Change in yaw angle (degree) (default I 

39-59 G21.14 Change in yaw angle (degree) (default = 

60-80 G21.14 Change in thrust acceleration (km/sec2) 

1) 

1) 

(default = 0.001) 

NOTES: 1. Changes in pitch, yaw, thrust acceleration, 
pitch rate, yaw rate, and thrust acceleration 
rate as specified in THSHORT3 and THSHORT4 
keyword cards are used for the computation of 
the correction matrix (see Reference 15, 
Section 3.4.1). Unless the user wants to input 
different values for a wanted results, default 
values can be used in most cases. 

2. See notes in keyword card THSHORT1. 
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THSHORT4 
(OGOPT) 

THSHORT4 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: THMODEL 

0 Detailed format: 

Columns Format 

1-8 A8 

9-11 I3 
12-14. I3 

15-17 I3 
18-38 G21.14 

39-59 G21.14 

60-80  G21.14 

Description 

THSHORT4--fourth keyword to initiate 
computation of thrust parameters for a 
short burn 
Blank 
Blank 
Blank 
Change in pitch rate (degree/sec) 
(default = 0.01) , 

Change in yaw rate (degree/sec) 
(default = 0.01) 

Change in thrust acceleration rate 
(km/sec3) (default = 0.000002) 

See notes for keyword cards THSHORTl and THSHORT3. 
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THSHORTS e 
(OGOPT) 

THSHORTS 

0 Card format: (A8 ,  313, 3621.14) 

0 Applicable programs: THMODEL 

0 Detailed format: 

Columns Format Description 

1-8 A8 THSHORTS--fifth keyword to initiate 
computation of thrust parameters for a 
short burn 

9-11 13 Maneuver number (from 1 to 5) 
12-14 13 Record number (element set number) for 

15-17 13 Record number (element set number) f o r  

18-38 G21.14 Time of ignition (yymmddhhmmss.ssss) 
39-59 G21.14 Time of burnout (yymmddhhmmss.ssss) 

ignition state vector 

burnout state vector 

60-80 G21.14 Stegsize for propagator (sec) (default = 
tenth of burn interval) 

See notes for keyword card THSHORTL. 
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THSOFNO 
(OGOPT) 

THSOFNO 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: DC, EPHEM 

0 Detailed format: 

Columns Format Description 

1-8 A0 THSOFNO--keyword to set thrust 

9-11 I3 Number between 1 and 20 that indicates 
solve-for flags 

which thrust segment is to be solved 
for* 

12-14 I3 
15-17 I3 
18-38 G21.14 Indicator: 

39-59 G21.14 
60-80 G21.14 

1.0 = solve for thrust 

NOTE: Use of this card requires the THRSTPAR card. 
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0 
THTAB 1 
(OGOPT) 

THTAB1 

Card formdt: (A8, 313, 3621.14) 

0 Applicable programs: DC, EPHEM 

0 Detailed format: 

Columns Format Description 

1-8 A8 THTABL-first table definition card 
9-11 I3 Ma nueve r segment numbe c 

12-14 13 Linear interpolation number: 
= 1, segment has 3 -or more entries 
I 2, segment has 2 entries 

-15-17 I3 Blank 
18-38 G21.14 Start time of the given manuever 

39-59 G21.14 Stop time of the given manuever segment 
in seconds from epoch 

60-80 G21.14 User-specified time stepsize for the 
given mdneuver segment in seconds from 
epoch (NOTE: If the stepsize selected 
by the user is smaller than the GMAN 
stepsize, the GMAN will be used) 

’ segment in seconds from epoch 
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THTAB 2 
(OGOPT) 

THTAB 2 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: DC, EPHEM 

0 Detailed format: 

Columns Format DeSCriDtiOn 

1-8 A8 THTABZ--second table definition card 
9-11 I3 Manuever segment number 

12-14 I3 Blank 
15-17 13 Blank 
18-38 G21.14 start time for this segment in seconds 

from the beginning of the burn in the 
GMAN working file 

39-59 G21.14 Mass calibration factor 
60-80 G21.14 Thrust calibration factor 
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TIMES 
(OGOPT) 

TIMES 

0 Card format: (A8,  313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format Description 

1-8 A8 TIMES--keyword to set the run reference 
date and the Ephemeris Generation Pro- 
gram print start time 

9-17 Blank 
18-38 G21.14 Reference date (yymmdd.0) for true of 

reference system 
39-59 G21.14 - Start time of print arc (yymmdd.0) 
60-80  G21.14 Start time of print arc (hhmmss.ssss) 

The default reference date will be the epoch year, month, 
and day if the first real field (columns 18 through 38) is 
blank. 

Epoch will be the default start time of the print arc if the 
second real field (columns 39 through 59) is blank. 

The reference date for the true-of-reference system should 
be input only if the initial state vector (on ELEMENT1 and 
ELEMENT2 cards) is in the true-of-reference system (I1 = 2 
on ELEMENT1 cacd) and the EPOCH (i-e., time tag) of the 
initial state vector is different from the reference date. 
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TIMREG 
(OGOPT ) 

TIMREG 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format DeSCKiPtiOn 

1-8 A8 TIMREG--keyword to set the section- 
dependent time regularization constant 
of the satellite radius 

9-11 13 Flight section -I 
12-14 13 Flight section J 
15-17 I3 Flight section K 
18-38 G21.14 Time regularization exponent for sec- 

tion I 
39-59 G21.14 Time regularization exponent for sec- 

tion J 
60-80 G21.14 Time regularization exponent for sec- 

tion K 

The time regularization exponent (n) defines the type of 
independent variable (s) by the relation 

where n = 1.0 indicates that the independent variable is the 
eccentric anomaly and n = 2.0 for true anomaly. The default 
value for n is 1.5. 
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TIMREGDV 
(OGOPT) 

TIMREGDV 

0 Card fotmat: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns -Format DescriPtion 

1-8 A8 TXMREGDV--keyword to set the section 
dependent regularization stepsize 
constant 

9-11 13 Flight section X 
12-14 I3 ’ Flight section J 
15-17 I3 Flight s e c t i o n  L 
18-38 G21.14 Time regularization stepsize constant 

39-59 G21.14 Time tegulatization stepsize constant 

60-80  G21.14 Time regularization stepsize constant 

for section I 

for section J 

for section K 

When using the time regularization option, the integration 
stepsize is determined by the integration stepsize constant 
(R) using the relation stepsize = period/R. 
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TITLE 
(OGOPT) 

TITLE 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC, D.ATASIM, ANALYSIS 

0 Detailed format: \ 

Columns Format Description 

1-8 A8 TITLE--keyword to identify the title 

9-11 I3 Title card identifier for second card: 
card 

= 1, run identification title 
= 2, atmospheric density model title 
= 3, Earth potential model title 
= 4, lunar potential model title 

12-80 Blank 

The TITLE keyword card must be immediately followed by 
another card containing the title infomation as indicated. e 
Columns Format . Description 

1-72 9A8 Title information as shown above 
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TOF 
(OGOPT) 

TOF 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: \ 

Columns Format 

1-8 A8 TOF--keyword to set the time of flight 

9-11 I3 Flight section I 
12-14 13 Plight section J 
15-17 I3 Flight section K 
18-38 Gtl. 14  Time of flight in seconds from ep'och at 

39-59 G21:14 Time of flight in seconds from epoch at 

60-80 G21.14 Time of flight in seconds from epoch at 

at which sectioning is to occur 

which section I will end 

which section J will end 

which section K will end 

. A maximum of 10 flight sections is allowed. The time of 
flight must be a positive number. 
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TOLER 

0 Card f o r m a t :  ( A 8 ,  3 1 3 ,  3GZl.14) 

0 A p p l i c a b l e  programs:  EPHEM, DC 

0 ' D e t a i l e d  f o r m a t :  

Columns Focma t_ ~- - h s c c i p t  i o n  

1- 8 Aa TOLER-keyword t o  s e t  i n I . c t y c a t  i .on t o l -  
e r a n c e s  ( t o  h e  u sed  f o r  all f l i g h t  sec- 
t i o n s )  

9-11  13 T o l e r a n c e  i n d e x  I 

12- 14 23 T o l e r a n c e  i n d e x  J 

1 5 - 1 7  T3 T o l e r a n c e  i n d e x  K 
1 8 - 3 8  G21.14 T o l e r a n c e  a s s o c i a t e d  w i t h  i n d e x  1 

39-59 G21.14 To1 e r a n c e  a s s o c i a t e d  w i t h  i n d e x  J 

6 0 - 8 0  G21.14' T o l e r a n c e  a s s o c i a t e d  w i t h  i n d e x  K 

To l e  r a n c e  
I n d e x  DeScKiPtio-n - D e f a u l t  Va lue  

l. Upper  t r u n c a t i o n  e r r o r  bound 0 . 2 5  D - 7  

2 Lower t r u n c a t i o n  e r r o r  bound 0.25 D--L3 
3 Nominal t r u n c a t i o n  e r r o r  bound 0.25 D - 1 0  

4 C o r r e c t o r  t o l e r a n c e  for the C o w e l l  0.50 D-8 
s i n g l e - s t e p  i n t e g r a t o r  

of mot ion  s t a r t e r  

equa  t i o n s  s t a  r t e c 

p u t a t  i o n  

5 C o r r e c t o r  toler-Ance f o r  e q u a t i o n s  1 . 0  D - 1 3  

6 C o r r e c t o r  t o l e r a n c e  f o r  v a r i a t i o n a l  1 . 0  u- L 3  

7 I n c r e a s e  . f a c t o r  f o r  s t e p s i z e  corn- 0.2 D-0 

a Minimum s t e p s  i z e  5.0 D-0 
s ec 0 tins 

11 Maxiarm number of c o r r e c t o r  i t e r a -  3 
t i o n s  f o r  Cowell s iriy1.e-s tep 
i n t e g r a  t o r  
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TOLEB 
(OGOPT) 

To 1 e c d nt: e 
Index D e s c r i p t i o n  D e f a u l t  V a l u e  

1 2  Maxiilium number of c o r r e c t o r  i t e r a -  15  
t i o n s  f o r  C o w e l l  m u l t i s t e p  s t a r t e r  

s t a r t s  f o r  m u l t i s t e p  s t a r t e r  

Rungc-Kutta  v a r i a b l e  s t e p - s i z e  
i n - t e g r a t  i o n  

1 3  Maximum number of s t e p  s i z e  re- 5 

16 Maximum r e l a t i v e  e r r o r  f o r  H u l l  1. OD- 3 

The values  f o r  t h e  uppe r  t r u n c a t i o n  e r r o r  bound. t h e  lower: 
t r u n c a t i o n  e r r o r  bound, and  t h e  nominal  t r u n c a t i o n  e r r o r  
hound w i l l  be  used  € o r  all 10 f l i g h t  s e c t i o n s  unless over- 
r i d d e n  by t h e  keywords UPPBOUND. LOWBOUND. and NOMBOUND. 
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TRACKELV 
(OGOPT) 

TRACKELV 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC, DATASIM, ANALYSIS 

0 Detailed format: 

Co lurnns Format Description 

1-8 A8 TRACKELV--keyword to set the minimum 
allowable elevation angle for each 
tracking system (default = 0.0 degrees 
for all tracking systems) 

9-11 I3 Tracker type I (see Table 4-1) 
12-14 I3 Tracker type J (see Table 4-1) 
15-17 I3 Tracker type K (see Table 4-1) 
18-38 G22.14 Minimum allowable elevation angle f o r  

39-59 G21.14 Minimum allowable elevation angle f o r  

60-80 G21.14 Minimum allowable elevation angle for 

tracker type I 

tracker type J 

tracker type K 

4-275 
149 



DOC. NO. REV. NO. 
SD-85/6738 2 

TRNDLY 
(OGOPT) 

TRNDLY 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC, DATASIM 

0 Detailed format: 

Columns Format DeSCriDtiOn 

1-8 A8 TRNDLY--keyword to set the transponder 

9-11 I3 Table entry number (maximum value of 11) 
delay table 

12-17 Blank 
18-38 G21.14 Transpondet delay in microseconds (see 

Note) 
39-59 621.14 Transmission frequency in megahertz 
60-80 Blank 

Multiple TRNDLY cards must be used to define the entire 
table. 

NOTE: The correction applied to the rarrge observation in 
kilometers is 

(transponder delay (usec) SDeed of Liuht (km/sec) 
2 

-17.1 (vsec)) LO6 

where 17.1 psec is the value at VHF GRARR station 
for nominal zero set parameter. 

1 4 9  
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TWOBODY 

TWOBODY 
(OGOPT) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 Aa TWOBODY--keyword to set the two-body 
option (i.e.8 a point-mass gravitational 
force only will act on the satellite) 
in the force model 

9-11 I3 Flight section I 
12-14 13 Flight section J 
15-17 I3 Flight section I 
18-38 G21.14 Two-body option for section I 

. 39-59 G21.14 Two-body option for section J 
60-80 G21.14 Two-body option for section K 

A blank or zero integer field will cause the remaining 
fields to be ignored. A value of 1.0 in the real fields 
(G21.14)-will cause all perturbation options in the force 
model to be ignored for the specified section(s). A value 
of 2.0 in the first real field will have no effect. Any 
other values in the real fields will cause a program error. 
Default values for the two-body options are 2.0. A maximum 
of LO flight sections is allowed. 
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TYPE 

0 Card format: (A8 ,  313, 3621.14) 

0 Applicable programs: EARLYORB 

0 Detailed format: 

Columns Format 

1-8 A0 

9-11 13 

12-14 I3 

15-17 I 3  

18-38 G21.14 

39-59 G21.14 

60-80 G21.14 

TYPE 
(mandatory) 

DescriDtion 

TYPE--keyword to select the method for 
Early Orbit Determination Program com- 
putat ion 
Method to be used in Early Orbit Deter- 
mination computation: 
= 1, fully automatic 
= 2, range and angles method 
= 3, Gauss method 
= 4, double-r iteration method 
Directibn of orbital. motion (necessary 
for the double-r iteration method only): 
= +I, direct motion ( O o  < inclination 

= -1, Tetrograde motion (900 < incli- 

Reference central body: 

c 900) 

nation 5 1800) 

1, Earth (only currently accepted 

For Gauss method and range and angles 
method - an estimate of the semimajor 
axis (kilometers) 
For double-r iteration method - an 
estimate of the geocentric distance of 
the first observation (kilometers) 
For double-r iteration method - an 
estimate of the geocentric distance of 
the second observation (kilometers) 
For all methods - the maximum allowable 
time difference in seconds between com- 
ponents of an observation (e.g., an 
X30, Y30 pair can differ by this amount 
and still be considered an observation . 
pair) 

value) 
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UPPBOUND 
(OGOPT) 

0 Card format: ( A 8 ,  313, 3G21.14) 

0 Applicable programs: EPHEM, DC 

0 Detailed format: 

Columns Format DelScr i P t ion 

1-8 A8 UPPBOUND--keyword to set the upper trun- 

9-11 I3 Flight section I 
cation error bound by flight section 

. 12-14 I3 Flight section J 
15-17 I3 Flight section K 
18-38 G21.14 Upper bound for section I 
39-59 G21.14 Upper bound for section J 
60-80 621.14 Upper bound for section K 

A maximum of 10 sections for a flight .is allowed. The upper 
truncation error bound initial value for all sections can 
optionally be set to the same value us.ing the TOLER keyword 
card. 
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VAREPHEM 

VAREPHEM 
(OGOPT) 

0 Card format: (A8, 313, 3621.14) 

0 Applicable programs: DC, EPHEM 

0 Detailed format: 

Columns Format Description 

1-8 A0 VAREPHEH--keyword to specify the 
interval number, the time interval for 
EPHEM File'data records, and the height 
i n t e r va 1 

n = 0, use time interval from OUTOPT 
keyword card for all height intervals 
( i . e . ,  no variable time intervals; 
default ) 
2 n 5 6, interval number - 

9-11 I3 faterval number (n) 

I Blank 12-17 

18-38  G21.14 Minimum value of satellite height for 

39-59 G21.14 Time interval for data records used in 
interval n (kilometers) 

interval n (seconds) 
I 

Interval number 1 will be determined from the OUTOPT keyword 
card. The minimum height of interval number 1 is 0.0 kilo- 
meter. The time interval for interval number 1 will be the 
time interval specified in columns 60 through 80 on the 
OUTOPT keyword card. 
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WORKATM 
( DMOPT ) ' 

WORKATM 

0 Card format: (A8, 313, 3621.19) 

0 Applicable programs: EPHEM, DC, DATAMGT 

0 Detailed format: 

Columns Format 

1-8 A8 WORKATM--keyword to build the atmos- 
pheric density working file from the 
Atmospheric Density Models File (see 
Note) 

pheric density table (see Appendix D, 
Point E; default = model 5, F = 150) 

= 1, retrieve atmospheric model number 

9-11 13 Model number of Harris-Priester atmos- 

12-14 I3 Atmospheric model override flag: 

associated with retrieved elements 
from the Permanent Elements File 
or the 24-HOUE Hold Elements File. 
If the elements retrieved were gen- 
erated using the Jacchia-Roberts 
Model, the Jacchia-Roberts model 
will be used instead of the Harris- 
Priester Model. 

this card and the ATMOSDEN card, 
regardless of the input elements 
source. 

= 2, use atmospheric model specified on 

15-80 Blank 

- NOTE: File contents will be reported if so specified on the 
PRINTOUT keyword card. 
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WORKCON 
(DMOPT) 

WORKCON 

0 Card format: (A8, 313, 3621.14) 

0 Applicable'programs: EPHEM, DC, DATAMGT 

Detailed format: 

Columns Format DescriPtion 

1-0 A8 WORKCON--keyword to build the asttody- 
namic constants working file fcom the 
Astrodynarnic Constants FiLe 

9-11 I3 Model numbet (see Appendix D, Item C) 
12-00 Blank 

- NOTE: File contents will be reported if so specified on t h e  
PRINTOUT keywo r d Card i 
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WORKELS 
(DMOPT) 

WORKELS 

0 Card format: (AB, 313, 3021.14) 

0 Applicable programs: EPHEM, DC, DATAMGT 

0 Detailed format: 

Columns Format Description 

1-8 A8 WORKELS--keyword to build the elements 
working file 

9-11 I3 Elements source: 
= 0, ELEMENT1 and ELEMENT2 cards 
= 1, GTDS Permanent Elements File - 2, 24-Hour Hold Elements File 
= 4, Early orbit computation (see 

Note 1) 
= 7, PTOF 

12-14 I3 For elements sourlce 0; 1, 2, or 4: 
Write elements to 24-Hour Hold Elements 
File at end of run: 
= 1, Yes 
= 0, No (default) 
For elements source 7: 
FRN of PTOF (must be 71, 72, or 73) 

15-17 I3 For elements source 0, 1, 2 or 4 only: 
Write elements to the Permanent Elements 
File at end of ruin: 
= I, Yes 
= 0, No (default) 

Elements set number 
For elements source 7: 
PTOF level number (see Note 2) 

39-59 G21.14 For elements source 7: 
Time of elements to be retrieved 
(yymmdd.) (see Note 2) 

60-80 G21.14 For elements source 7: 
Time of elements t o  be rettieved 
(hhmmss.ssss) (see Note 2) 
When columns 15 through 17 = 1: 
Permanent Elements File password 

18-38 G21.14 For elements source 1 or 2: 
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WORKELS 
(DMOPT) 

NOTES: 1. This option will invoke the Early Orbit Program to 
determine epoch elements. The user may advance 
the elements by supplying EPOCH, ELEMENT1, and 
ELEMENT2 cards with the desired epoch advance sup- 
plied on the EPOCH card. 

time (or both)  must be specified. If only a level 
number is specified, the epoch vector from that 
is retrieved. If only a time is specified, the 
level with the latest possible start time is used 
for the retrieval, but a -1 should be used for the 
level number. 

3. F0.r elements source 1, 2 'or 7, the initial value 
of RMS will be that on the file unless overriden 
with an EDIT keyword card. 

2. FOK elements-source 7, either a level number o r  a 

1 4 9  
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WORKGEO 
(DMOPT) 

WORKGEO 

0 Card format: (A8 ,  313, 3621.14) 

0 Applicable programs: DATAMGT, EARLYORB, ANALYSIS, 
DATAS IM 

0 Detailed format: 

Columns Format Description 

1-8 A8 WORKGEO--keyword to build the station 
geodetics working file (see Note) (The 
WORKGEO keyword card cannot be used 
with a /*******1 keyword card for the 
same station in the DMOPT subdeck. 
These keywords are mutually exclusive.) 

9-11 
12-14 

1 5 ~ 8 0  

13 
Blank 
Number of stations listed on cards, 
called station list cards, that follow 
this card (see format below) 
Blank 

Station list card format: (10A8) 

Columns Format Description 

1-8 A8 First station name', left adjusted 
9-16 A8 . Second station name, left adjusted 
17-24 A8 Third station name, left adjusted 

73-80 A8 Tenth station name, left adjusted 

Up to 20 stations may be specified using two station list 
cards. 

For satellite-to-satellite data s'imulation, all transmitter 
stations must be listed before the transponder stations. 

- NOTE: File content reporting can be specified through the 
PRINTOUT keyword card. 
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WORKINT 
(DMOPT) 

WORKINT 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: EPHEM, DC, DATAMGT 

0 Detailed>format: 

Columns Format DescriDtion 

1-8 A8 WORKINT--keyword to build the working 
file of integration coefficients (see 
Note) 

9-11- 

12-14 

I3 

13 

.Degree of integration for equations o€  
motion (default = 12, minimum = 4, 
maximum = 19) 
Degree of integration for variational 
equations (default = 8, minimum = 4, 
maximum = 19) 

15-80 Blank 

- NOTE: File contents will be reported if so specified through 
the PRINTOUT keyword. 
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WORKIONO 
(DMOPT) 

WORK ION0 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DC, DATASIM, DATAMGT, ANALYSIS 

0 Detailed format: 

Columns Format DescriPt ion 

1-8 A8 WORKIONO--keyword to build ionospheric 
refraction working file (requited when- 
ever refraction corrections 'are to be 
computed) (see Note) 

= 1, create working file to be released 
at end of rim (default) 

= 2, create working file and also copy 
to save file (Bent model only) 

= 3, copy previously created save file 
to working file (Bent model only) 

9-11 I3 Postflight create/save option: 

12-14 I3 Ionospheric'refraction model to be used: 
= 1, Bent model (default) 
= 2, Novak model 

15-17 Blank 
18-38 G21.14 Start time of postflight working file 

(yymmdd; default equals earliest ac- 
ceptable Observation time) 

G21.14 End time of postflight working file 
(yymmdd; default equals latest accept- 
able observation time) 

3 9 - 5 9  

60-80 Blank 

NOTE: File content reporting is controlled' by the PRINTOUT 
keyword. A maximum of six 10-day coefficient sets are 
allowed for the ionospheric working file. 
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WORKMAN 
(DMOPT) 

WORKMAN 

0 Card format: (A8, 313, 3021.14) 

0 Applicable programs: EPHEM, DC, DATAMGT 

0 Detailed format: 

Columns Format DeSCriDtiOn 

1-8 A0 WORKMAN--keyword to build the impulsive 

9-11 I3 Retrieval mode: 
maneuvers working file (see Note) 

= 0 ,  no maneuvers working file requited ' 

= 1, retrieval by time 
= 2, retrieval by maneuver number 

12-80 Blank 

NOTE: File contents will be reported if specified on the 
PRINTOUT keyword card. 
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WORKOBS 
(DMOPT) 

WORKOBS 

0 Card format: (A8, 313, 3G21.14) 

0 Applicable programs: DATAMGT 

0 Detailed format: 

Columns Format Description 

1-8 A8 WORKOBS--keyword to specify observations 

9-11 I3 Source of input observations (see Note) 
12-14 I3 Source of input observations (see Note) 
15-17 I3 Source of input observations (see Note) 
18-38 G21.14 Start time of observation span 

(yymmddhhmmss.ssss) 
39-59 G21.14 End time of observation span 

(yymmddhhmmss.ssns) 
60-80  G21.14 Epoch of output observations working 

file (yymmddhhmmss.ssss) 

input for creating a working file 

There is no default observation timespan OK epoch. The real 
fields must be supplied. If more than three sources are -re- 
quired, multiple WORKOBS cards must be used. 

- NOTE: There are no default observation sources. Any desired 
source must be specified. If more than three sources 
are requited, multiple WORKOBS cards must be used. 
There are two options for observation sources input. 
Option 1 is used when there is no satellite-to- 
satellite tracking involved. Option 2 is used when 
the case involves satellite-to-satellite tracking. 
The two options can be intermixed, but only one 
indicator from option 2 may be used on any set of 
WORKOBS cards. No source number may be used in both 
options. The source numbers for options 1 and 2 are 
given below. The FORTRAN Reference Number (in paren- 
theses) follows the source. See Section 5 for JCL 
considerations. This card must: not be used in any 
program input deck that contains an OBSINPUT keyword 
card. 
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WORKOBS 
(DMOPT) 

Option 1 

Source * Source 
Number Source Number Source 

1 GTDS observations 7 G-WWW tape, 9-track 

2 GTDS observations 8 60-byte data base 

3 DODS observations 9 Landmark data card 
tape (FT30) file (FT15) 

4 Real-time 60-byte 10 Landmark data card 
metric tracking file (FTLS) 
data file (partial 
batch) 

tape (FT29) (FT40) 

disk (FT31) (FT96) 

GTDS card file 11 Observations working 
(FTLS) file previously 

Attitude sensor 12 GDH 60-byte format 
(optical aspect) tape (FT91) 
9-track tape 
(FT94) 

created (FT17) 

ODtion 2 

Option 2 must be used whenever 

1. Satellite-to-satellite tracking for ATS is involved. 

2. TDRS tracking data is involved, (This includes 
satellite-to-satellite data, relay track of ground 
transponders, and direct track of a TDRS relay 
satellite.) 

a. - ATS--The source indicator IJK is a packed 
integer 

where I indicates the source of the satellite- 
to-satellite 'relay data 

data 

lite tracking data 

J indicates the source of ATS tracking 

K indicates the source of target satel- 
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WORKOBS 
(DMOPT) 

Option 2 (Cont'dl 

b. - TDRS--The source indicator IJK is a packed in- 
teger 

where I indicates the source of the satellite- 
to-satellite relay data and relay- 
ground track 

J indicates the saurce of the direct 
tracking of the TDRS relay satellites 

K indicates the source of target satel- 
lite tracking data 

The following source numbers apply to I, J, and IC: 

Source Source 
Number Source Number Source 

1 No data of this 8 60-byte data base 
type (FT96) 

2 GDH tape (FT91) 

Specifying a 1 on any integer means that data will not be 
searched for on any input source. 

ExamDles: 

Column 1 11 20 40 
4 & 4 4 
WORKOBS 818 start: time end time. 

specifies that ATS or TDRSS satellite-to-satellite data will 
be found on the 60-byte data base (source 8 ) ,  that there 
will be no direct tracking of the relay satellites re- 
quested, and that the source of the direct tracking of the 
target satellite will be the 60-byte data base. 
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.. 
WORKOBS 
(DMOPT) 

Option 2 (Cont'dr 

specifies that ATS or TDRS satellite-to-satellite data will 
be found on a 60-byte observation tape (source 2) and that 
there will be no direct tracking of either the relays 01: 

target satellite. 

The use of real-time 60-byte (source number 4) data 
must be indicated under Option 1. Source number 4 is 
not a valid entry under Option 2; real-time tracking 
data for a TDRS.run may be obtained by intermixing 
Option 2 and Option 1, with source number 4 
specified. More specific control over the real-time 
data source is provided by the keyword cards 
RTPABAMS, RTSATID, RSTA****, and RSYS****. 
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WORKSECT 
(DMOPT ) 

WORKSECT 

0 Card format: ( A 8 ,  313, 3623.14) 

0 Applicable programs: EPHEM, DC, 'DATAMGT 

0 Detailed format: 

Columns Format Desc r i D t ion 

1-8 A8 WORKSECT--keyword to build the flight 

9-11 I3 Flight sectioning model number (see Ap- 

sectioning working file (see Note) 

pendix D, Item D) 
12-80 Blank 

NOTE: Printout of the file contents may be conttolled via 
the PRINTOUT keyword. 
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WORKTCOR 
(DMOPT) 

WORKTCOR 

0 Card format: (A80 3130 3621.14) 

0 Applicable programs: EPHEM, DC, DATAMGT 

0 Detailed format: 

Columns Deacriotion 

1-8 A0 WORKTCOR--keyword to retrieve data from 
the Time Conversion Coefficient File 
(see Note) 

9-11 I3 Time Conversion Coefficient File re- 
trieval indicator: 
= 0 ,  no 
> O 0  yes 

12-80 Blank 

NOTE: Report of file contents is controlled by the PRINTOUT 
keyword card. 
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/*******1 
Station Card 1 
(DCOPT, DMOPT) 

/ *******f  (Station Card 1) 

0 Card fotmat: (A8,. 11, lX, 1 4 ,  13, 3G21.14) 

0 Applicable programs: DC, EARLYOREI, DATASIM, ANALYSIS, 
DATAMGT 

Detailed format: 

Columns Format DescriDtion 

1-8 A8 /*******1 where the asterisks represent 
the station name 

9 I1 1 (card number)--defines the Station 
Card number, (Station Card 1 defines 
the station type and position: see 
Note 1) 

Table A-5) (see Note 2) 
10-14 I5 Station i'ndex number (see Appendix A, 

15-17 13 Station type: 
= 1, VHF 
= 2, Minitrack 
= 3, C-Band 
= 4, S-Band 
= 5 ,  USB - 3O-fOOt 
= 6, USB - 85-foot 
= 7, SRE-VHF 
= 8 ,  ATSR 
= 9, ATSR Ground Transponder 
= 10,  DNS 
= 11, SRE - S-Band 
= 12, Laser 
= 13, Optical 
= 14, X-Y Parabolic 
= 15, TDRSS 
= 16, TDRSS Ground Transponder 
= 17, 'SGLS 

meters (see Note 3) 
18-38 G21.14 Height above or below sea level in 

39-59 G21.14 Geodetic latitude (2ddmmss.ssss) (see 

60-80 G21.14 East longitude (dddmmss.ssss) (see 
Note 3) 

Note 3) 

4 - 2 9 5  
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/*******l 
Station Card 1 
(DCOPT, DMOPT) 

NOTES: 1. The Station Card 1 keyword must precede the Sta- 
tion Card 5 keyword for any given station. 

2. For mobile laser stations the station index num- 
ber is a 5-digit integert CCCMM, where CCC regre- 
seats the 3-digit station index number as i n  
Table A-5, and MM represents the mobile laser 
move number appropriate to the geodetics re- 
quested. For other station types the station 
index number is the 3-digit number as in 
Table A-5.. Note mobile lasers are recognized as 
index numbers 221 through 245  only. 

3. Default values are supplied from the Tracking 
Station Geodetics File if this field is blank or 
zero and this keyword card is in a DCOPT subdeck. 
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/ * * * * * * * 2  
Station Card 2 
(DCOPT, DMOPT) 

/ * * * * * * * 2  (Station Card 2) 

0 Card format: ,(A8, 11, 12, 213, 3021.14) 

0 Applicable programs: DC, EARLYORB, DATASIM, ANALYSIS, 
DATAMGT 

0 Detailed format: 

Columns Format DeSCriDtiOn 

1-8 A8 / * * * * * * *  where the asterisks represent 

9 I1 2 (card number) - defines the Station 
the station name 

Card number (Stathn Card 2 defines 
station-dependent data) 

10-11 Blank 
12-14 I3 Ellipsoid model number (the default el- 

lipsoid model is ae = 6378.166 kilome- 
ters, l/f = 298.300) (see ELLMODEL card 
description) 

15-17 I3 Antenna offset (meters) (see Note) . 

18-38 G21.14 N-S vertical deflect ion (seconds of 
arc) (see Note) 

39-59 G21.14 E-W deflection (seconds of arc) (see 
Note) 

6 0 - 8 0  G21.14 Transmitter frequency (megahertz) (see 
Note) 

- NOTE: Default values are supplied from the Tracking Station 
Geodetics Files if the field is blank or zero and 
this keyword card is in a DCOPT subdeck. 
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Station Card 3 
(DCOPT) 

/ * * * * * * a 3  (Station Card 3) 

0 Card format: (A80 Il, IZ, 213, 3G21.14) 

0 Applicable programs: DC 

0 Detailed format: 

Columns Format DescriDtion 

1-8 A8 / * * * * * * *  where the asterisks represent 

9 11 3 (card number) - defines the Station 
the station name 

Card number (Station Card 3 defines 
observation types by station for DC re- 
sidual plots) 

10-11 I2 Number o f  observation types to be 
plotted (input 4 if every observation 
type f o r  this station is to be plotted) 

12-17 Blank 
18-38 G21 , 14 Observation type to be plotted 
39-59 . GZ1.14 Observation type to be plotted 
60-80 G21.14 Observation type to be plotted 

See Table A-2 in Appendix A for observation type numbers. 
If every observation type for this station is to be plotted, 
columns 18 through 80 need not be specified. 
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/*******4 
Station Card 4 

(DCOPT) 

/*******4 (Station Card 4) 

0 Card format: (A8,  11, 12, 213, 3621.14) 

0 Applicable programs: DC, ANALYSIS 

0 Detailed format: 

Columns Format DeSCriDtiOn 

1-8 A8 / * * * * * * *  where the asterisks represent 

9 I1 4 (card number) - defines the Station 
the  station name 

Catd number (Station Card 4 defines the 
standard deviation of the station posi- 
tion when solving for station position) 

10-11 Blank 
12-14 I3 Solve for station position: 

> 0, yes 
= 0, no 

15-17 Blank 
18-38 G21.14 Standard deviation of X station cootdi- 

39-59 G21.14 Standard deviation of Y station coordi- 
nate (kilometecs) 

nate (kilometers) 

60-80 G21.14 Standard deviation of Z station coordi- 
nate (kilometers) 
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/ * * * * * * * S  (Station Card 5) 

0 Card format: (A8, 11, 12, 213, 3621.14) 

/ * * * * * * * 5  
Station Card 5 

(DCOPT) 

0 Applicable programs: DC, ANALYSIS, DATASIM 

0 Detailed format: 
\ 

Columns Format Description 

1-8 

9 

10-11 

12-14 

A8 / * * * * * * *  where the asterisks represent 
the tracker acronym (in the case of ob- 
servation biases) or'the ground trans- 
ponder acronym (in €he case of 
transponder delay) 

11 5 (card number) - defines the Station 

' to Table A-2 in Appendix A) or ground 

Card number (Station Card 5 defines ob- 
servation bias information (corresponds 

transponder delay information 
I2 = blank, observation'bias 

= 1, transponder delay 
I3 Observation type (corresponds to 

Table A-2 in Appendix A )  in the case of 
observation bias (when columns 10-11 = 
blank) 
= 30, for timing bias 

15-17 I3 

Solve-for switch in the case of ground 
transponder (when column 10-11 = 1): 

= 1, apply and solve for transponder 

Number of bias passes required (if non- 
zero, solve for selected bias)--This 
field is blank for ground transponder 
delay (see Note) 

0, apply transponder delay 

delay 

18-38 

NOTE : - 

G21.14 A priori bias value (in meters, sec- 
onds, centimeters/second, seconds of 
arc, or hertz, depending on the obser- 
vation type) or transponder delay 

If this field is nonzero, a PASSTIME card is required 
to define the time limits of the pass. 
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Columns Format 

/ * * * * * * * 5  
Station Card 5 

(DCOPT) 

39-59 G21.14 A priori bias (in meters, seconds, 
centimeters/second, seconds of arc, or 
hertz, depending on the observation 
type) or transponder delay standard de- 
viation 

bias indicator (see next page) 
60-80 G21.14 Minitrack or gimbal angle error model 

This card must follow the Station Card 1 for any given 
tracker if the tracker type has been modified on Station 
Card 1. 

The ground transponder delay specified1 by this card is the 
interval in seconds between the receipt of the signal by the 
ground transponder and the retransmission of the signal. 

For a minitrack error model bias: 

1.0 = equatorial, zero-set bias 
2.0 = equatorial, scale factor 
3.0 = equatorial, misalignment error 
4.0 = equatorial, timing bias 
11.0 = polar ,  zero-set b i a s  
12.0 = polar, scale factor 
13.0 = polar, misalignment error 
14.0 = polar, timing bias 

The timing bias wkll be applied or solved for L and M simul- 
taneously whether or not a 2 or 3 is specified as the obser- 
vation type (in column 14). 

For a gimbal angle error model bias: 

1.0 = X-angle encoder bias less tilt eastward of upward 
normal to the antenna (positive if encoder reading 
is too high) 

4-301 



DOC. NO. REV. NO. 
s~-a5/6738 2 

/ * * * * * * * 5  
. Station Card 5 

(DCOPT) 

2.0 = elevation deflection associated with X-direction 
(structural sag downward less quadruple droop 
downward ) 

coefficient from 9 0 0 )  

coefficient from 900)  

3.0 = Y-axis to X-axis lack of orthogonality (subtract 

4.0 = RF axis to Y-axis lack of orthogonality (subtract 

5.0 = tilt of north end of X-axis upward 
6.0 = tilt of north end of X-axis eastward 
7.0 = Y angle encoder bias less RF- to X-axis lack of 

orthogonality (positive if encoder reading is too 
high) 

8 . 0  = elevation deflection associated with Y-direction 
(structuzal sag downward less quadruple droop down- 

. ward), For X85, Y85 replace eastward in 1 and 6 
with southward and replace north in 5 and 6 with 
east . 

A maximum of four Minitrack error model biases or four 
gimbal angle error model biases can be applied or solved for 
a station or stations of the same type (a separate Station 
Card 5 ke*ord must be input for each bias). If four biases 
are specified for a given station and error modeling is to 
be done for other stations of the same type, biases selected 
must be chosen from the four already used. 
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/ * * * * * * * 6  
Station Card 6 

(DCOPT) 

/ * * * * * * * 6  (Station Card 6) 

0 Card format: (A8, 11, 12, 213, 3G.21.14) 

0 Applicable programs: DC, DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format 

1-8 A0 

9 I1 

10-11 I2 

12-14 I3 

15-17 I3 

18-38 G21.14 

39-59 G21.14 

60-80  

Description 

/ * * * * * * *  where the asterisks represent 
the station name 
6 (card number) - defines Station Card 
number. Station Card 6 defines obser- 
vation corrections for a given station 
Light time correction indicator: 
= 0, ignore this field 
= 1, perform light time correction 
= 2, do not perform light time correc- 

tion 
Ionospheric refraction correction indi- 
cator: 
= 0, ignore this field 
= 1, perform a refraction correction 
= 2, do not perform a refraction correc- 

Tropospheric refraction correction in- 
dicator: 
= 0, ignore t h i s  f i e l d  
= 1, perform a refraction correction 
= 2, do not perform a refraction correc- 

Antenna mount correction indicator: 
= 0, ignore this. field 
= 1, perform antenna mount correction 
= 2, do not perform antenna mount COK- 

Transponder delay correction indicator: 
= 0, ignore this field 
t 1, perform transponder delay correc- 

= 2, do not perform transponder delay 

Blank 

tion 

tion 

rect ion 

tion 

correction 
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/******a6 
Station Card 6 

(DCOPT) 

See Table A-3 of Appendix A for correction type by observa- 
tion type. 

Note that the use of the Station 6 card requires the use of 
an OBSCORR keyword card to input the frequency and beginning 
iteration number at which observation corrections are ap- 
plied. The Station 6 cards override the correction settings 
defined in the packed word on the OBSCORR card. Also note 
that there are two models in GTDS for computing the refrac- 
tion corrections: the Bent model and the Novak model. The 
default model is the Bent model, The user can override t h i s  

default via proper input on a WORKIONO keyword card in a 
DMOPT subdeck. If the ionospheric refraction switch is 
turned on, a WORKIONO keyword card is always required in 
order to build an ionospheric refraction working file. 
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/*******7 
Station Card 7 

(DCOPT ) 

/*******7 (Station Card 7) 

0 Card format: (A8, 11, 12, 213, 3621.14) 

0 Applicable programs: DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format Description 

1-0 A8 / * * * * * * *  where the asterisks represent 

9 I1 7 (card number) - defines the Station 
the station name 

Card number (Station Card 7 defines 
miscellaneous schedule data) 

station, n (see Note 1) 

station (see Note 2): 
= 1, apogee 
= 2, perigee (default) 

(default = 1; use with tracking 
schedule type 1 only) . 

(seconds) (see Note 3) 

10-11 I2 Number of tracking intervals for the 

12-14 I3 Type of special event to be used for a 

15-17 13 Number of periodic intervals used 

18-38 G21.14 Rate at which to compute observations 

39-59 G21.14 Specific time values (see Note 4 )  

6 0 - 8 0  G21.14 Elevation at which to staft and end a 
satellite .pass (degrees) 

NOTES: 1. For tracking schedule type 1, the number of in- 
tervals (n) per period (default = I, 1 5  n L 10) 
For tracking schedule type 2, the number of 
passes to use for this station (default = LO, 
1 n 5 999) 
For tracking schedule type 3, the number of spe- 
cial events to use for this station (default = s 

10, 1 2  n 999) 

For tracking schedule type 4, defaults automati- 
cally to 1 
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/*******7 
Station Card 7 

(DCOPT) 

2. Use with tracking schedule type 3. The tracking 
schedule type is entered in column 11 of the 
DSPEAl card. 

3. This value defaults to the number specified on 
the third real field of the DSPEAl keyword 

. card. (Not used with tracking schedule type 4.) 
4. For tracking schedule type 1, this field is the 

periodic time interval in hours (default = 24) 
For tracking schedule type 2, this field is the 
number of seconds to observe a satellite in a 
pass (default 300) 

For tracking schedule type 3, this field is the 
interval in seconds centered about the special 
event. to observe the satellite (default = 600) 

For tracking schedule type 4, not applicable 
The tracking schedule type is specified in 
columns 9 through 11 of the DSPEAl keyword card. 
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/*******a 
Station Card 8 

(DCOPT) 

/ * * * * * * * 8  (Station Card 8) 

0 Card format: (A8, 11, 12, 213, 3621.19) 

0 Applicable programs: DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format DescriDtion 

1-8 A8 / * * * * * * *  where thle asterisks represent 

9 I1 8 (card number - defines Station Card 
the station name 

number (Station Card 8 specifies the 
type of observations and station errors 
to be used) 

10-11 . I2 Type of observation to be computed , 

12-14 I3 Type of observation to be computed 
15-17 13 Type of observation to be computed 
18-38 G21.14 Error in station height (meters) 

(default = 0.0) 
39-59 G21.14 Error in station latitude (=ddmmss.s) 

(default = 0.0) 

6 0 b 8 0 .  G21.14 Error in station longitude (=ddmmss.s) 
(default = 0.0) 

The type of observation to be computed defaults to permis- 
sible observation types from a station as defined on the 
third integer field (columns 15 through 17) of Station Card 1 
(e.g., if this is a Minitrack station and columns 10 through 
17 are blank, or if this card is omitted, then Minitrack 
observations !2 and m will be computed). For a table of 
acceptable observation types, see Appendix A.2. 
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/*******9 (Station Card 9) 

/******e9 

Station Card 9 
(DCOPT) 

0 Card format: (A8, 11, I2,'213, 3021.14) 

0 Applicable programs: DATASIM, ANALYSIS 

0 Detailed format: 

Columns Format DeSCriDtiOn 

1-8 A8 / * * * * * * *  where the asterisks represent 

9 I1 9 (card number - defines Station Card 
the station name 

number (Station Card 9 defines tracking 
interval data) 

i o - i i  12 Tracking interval number 
12-17 Blank 
18-30 G21.14 Start time of input tracking interval 

(yymmddhhmmss.) 
39-59 G21.14 End time of input tracking interval 

(yymmddhhmmss.) 
60-80 G21.14 Time delay for range difference in sec- 

onds (default = 0.01) 

The 11, R 1 ,  and R2 fields are used only for tracking sched- 
ule type 1 or  tracking schedule type 2 (column 11 of the 
DSPEAl keyword card). For tracking schedule type 2, the 11 
field must be 1. 

The tracking intervals must be in chronological order for a 
given station. 
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SECTION 5 - JCL REQUIREMENTS 

5.1 INTRODUCTION 

The preceding sections of this guide have dealt with the 
input card decks required to run GTDS. However, even with 
correct input Card decks, the user cannot execute the system 
on the GSFC NAS AS/8040R1 and R2 computers unless the proper 
JCL cards have been provided. The JCL cards specify the 
input files, output files, temporary data sets, and account- 
ing information required by GTDS and the FDF Operating 
System/Virtual Storage 2 (OS/VS2). Missing or incorrect JCL 
cards can result in job failure. It is assumed that the 
GTDS user has a basic knowledge of OS/VS2 JCL. This doc- 
ument does not attempt to teach a complete JCL course but 
rather to summarize GTDS-related JCL. Those who desire 
further information on OS/VS2 JCL should consult Refer- 
ences 18 and 19. 

Three JCL Cards are always required to execute GTDS: the 
JOB card, an EXEC card, and a data definition (DD) card. 
The JOB card specifies the j o b  name, programmer identifier, 
accounting information, computer time usage estimates, and 
J C L  print output options. The format of the JOB card is 
installation dependent: for the specific GSFC JOB card fot- 
mat, consult the FDF Programmer Assistance Center (PAC). 

An EXEC card to invoke the GTDS cataloged procedure is the 
next required JCL card. A cataloged procedure, a set of JCL 
statements maintained in the system procedure library, is 
used to limit the number of JCL cards that the user is re- 
quired to input with the input deck. Figure 5-1 (at the end 
of Section 5) lists the GTDS procedure, which is also named 
GTDS. By supplying a single EXEC card and thereby refer- 
encing the GTDS procedure, the user can! introduce the JCL 
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required for standard GTDS cases into the input stream. The 
last JCL card required for a l l  GTDS jobs is a DD card, which 
defines the characteristics of the input card data set (i-e., 

last JCL card for each GTDS job and is followed by the card 
input decks. (keywords). 

The three required JCL cards just described are coded as 
f 0 llows : 

//USRIDGTD JOB (GRl23,456H,AAA) ,TIME=M,S) (JCL card 1) 

,the keyword card input deck). This DD card is usually the 

/ /  EXEC 
//GOODATAS 

GTDS 

DD 
(JCL card 2) 
(JCL Card 3 )  

Keyword card 

. 
Keyword card 
/ /  

Note that JCL card 1 is the JOB card, JCL card 2 introduces 
the GTDS procedure into stream, and JCL card 3 is the input 
DD card. 

A second procedure is available for the user who wishes to 
make a temporary update to the GTDS system’prior to execu- 
tion. This procedure, called GTDSMOD, contains the JCL re- 
quired to update subroutines, compile updated subroutines, 
link updated subroutines with the nonupdated GTDS system, 
and execute the updated system. Figure 5 - 2  (at the end of 
Section 5) contains a listing of the procedure. The JCL 
needed to use UCLEG is as follows: 

//USRIDGTD JOB (GR123,456H,AAA),TIME=(M,S) 
/ /  EXEC UCLEG 
//?UPAM.DATAM DD IC 

Update cards for A-M subroutines 
//PUPNZ.DATNZ DD * 
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Update cards for N-Z subroutines 
//GO.DATAS DD * 

1 Keyword card 1 

GTDS keyword 
input card deck t 

Keyword card n J 
/ /  

There will be times when a user will need to modify or add 
to those JCL cards in the procedure. In these cases, the 
procedure may still be used, but the modified or additional 
information must be included with addi.tiona1 JCL. Any user 
unfamiliar with JCL for OS/VS2 should consult an OS/VS2 JCL 
manual (Reference 14) or the FDF PAC hefore attempting to * 

change or add -to JCL already in the procedure. 

The following part of this section is addressed to the user 
familiar with JCL. Both the GTDS and UCLEG procedures are 
discussed card by card. A short section on the use of the 
GTDS update utility PACKUPD is included for users who will 
be performing temporary updates to GTCG subroutines. Tn 
addition, parameters that appear in the GTDS and UCLEG pro- 
cedures are discussed. 

5 . 2  GTDS PROCEDURE 

The GTDS procedure exists in the FDF R 1  and R2 computers. 
The procedure (see Figure 5-1) points the system to the load 
module or program that is to be executed in the GO step and 
sets up default values for symbolic parameters. The GO step 
is the step in which the load module is actually executed. 
The GO step, along with the symbolic parameters, is dis- 
cussed in detail in the remainder of this section. 

5.2.1 SYMBOLIC PARAMETERS 

. The GTDS procedure contains various symbolic parameters. 
The DELTA symbolic parameter points to the load module to be 
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executed. By default, this load module is the operational 
version of GTDS. However, if a modified or development load 
module is stored on disk, the user can force the procedure 
to access that modified or development load module instead 
o f  the operational one with a single JCL override. 

The GTDS production load module is maintained at GSFC on the 
FDF R 1  and R2 computers. The data set name ( D S N )  for the 
production load module is ORBIT.GTDS.LOADMOD.LOAD(GTDS). 

By overriding the DELTA parameter, the user can point to any 
load module for which execution is desired in.the GO step. 

The BASE symbolic parameter points to the data set that con- 
tains the load modules needed Whenever dedicated printer 
output is specified during an interactive graphics run. The 
default for this parameter is 0RBIT.GTDS.LOADMOD.LOAD. 

The MEM symbolic parameter defines the member name of the 
GTDS load module to be executed. The default value is GTDS. 

The OUTPUT symbolic parameter directs SYSOUT output to the 
desired output device. The default is SYSOUT = A (for line 
printer output). 

The GRAPH symbolic parameter is used to control the alloca- 
tion of data s e t s  needed €or an interactive graphics run. 
The default is DUMMY, which means that the graphics data 
sets are not normally allocated. In order to run graphics, 
one must supply the override GRAPH= to allocate the graphics 
data set. 

The UNIT parameter defines the graphics device to be used 
during a graphics run. The default is 2250-1, which points 
the system to an available IBM 2250 device. Care must be 
taken to ensure that the desired device is actually avail- 
able: otherwise, the graphics run will fail. The CODE1 

and CODE2 symbolic parameters define which condition codes 
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from a previous job step will allow thie GO step to be exe- 
cuted. The default is to accept a previous completion code 
of less than eight. 

A parameter named PRF allows the usef to specify his own 
high-level prefix for the data base files used by GTDS. The 
default is’ ORBIT. 

Two parameters named DSK and DSKl allalw the user to specify 
the unit type for disk files created or used by GTDS. 
default for both is DISK. The alternative specification is 
3350. 

The 

A parameter, B, specifies the number of input/output buffers 
allocated by the system for GTDS disk files. The default is 
1. 

The URCPCH symbolic is used to control the allocation of the 
punch data set for User Receive Center punched output. The 
default is DUMMY. Specifying URCPCH = allocates the data 
set. 

A parameter named SOREXT is provided to specify the tape 
volume for the SOR Extract File. This data set is defined 
as DUMMY in the GTDS procedure and an override must be pro- 
vided to specify a DSN for the data set. 

e 

5 . 2 . 2  GO STEP 

The GO step in the GTDS procedure is the step for actual 
execution of the load module. The first card in this step 
also causes OS/VS2 to execute a program. The system is di- 
rected to execute the load module or program indicated by 
the DELTA symbolic parameter (normally the operational GTDS 
load module). In addition, the REGION size or the amount of 
core to be allocated to execution of the load module is in- 
dicated, along with acceptable completion codes. 
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All remaining cards in the GO step are DD cards pointing to 
data sets OK files that may be needed during execution. 
Each DD card is described in the following paragraphs. 

FTOOFOOl - The TIMODEL Program contains a permanent 
dummy for output suppression. 

FTOlFOOl - The Report Index File contains a list of 
GTDS reports generated by the run and the 
page number of the GTDS output on which each 
report begins. 

FT02F001* - The Atmospheric Density Models File contains 
various sets or models of atmospheric den- 
sity data used by GTDS in drag computations.. 

FT03FOOlf - The Impulsive Maneuvers File contains ma- 
neuver information for various missions and 
is used in thrusting computations. This 
file is not currently used. 

FT04F001* - The Astrodynamic Constants File contains 
physical and astrodynamic constants used 
throughout GTDS. 

FTOSFOOl - By. providing a DDNAME of DATAS, this J C L  

card points to the keyword card input that 
follows the DATA5 DD card. 

FT06F001 - The printer output is accumulated in this 
data set during GTDS execution and is routed 
to the printer after execution has termi- 
nated in a batch run. Graphics runs can 
also route printout to a dedicated printer 
during execution. 

*These files are part of the GTDS permanent data base. The 
JCL card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 
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FT07F001 - Punched output request:s are accumulated here 
and are punched at job completion time. 

FT08F001* - The Earth Potential Fi.elds File contains 
data relating to the Earth's potential 
field. The data are aiccessed when Earth 
potential field data other than that in 
COMMON block storage i.s required. 

FT09F001* - The Lunar Potential Fi.elds File contains 
lunar potential field data, used similarly 
to the data on FTd8FQ01. 

FT10F001* - The Integration Coefficients File contains 
integration coefficients that are referenced 
as needed (generally when the default in- 
tegration order has been modified). 

FTllF001* - The Flight Sectioning Models File contains 
sectioning models for various missions. It 
is referenced when a WORKSECT keyword is used 
to build a working flight sectioning file. 

FT12F001**- The temporary cathode ray tube (CRT) input 
data set is used to store keyword card 
images when GTDS is being run-in the inter- 
active mode. 

FT13F001* - The Error Messages File contains all the 
numbered GTDS error messages in EBCDIC 
format: it is accessed by GTDS whenever 
specified errors occur. 

*These files are part of the GTDS permanent data base. The 
JCL card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 

**The graphics data sets are dummy or null data sets by 
default. The data sets are activated when the graphics 
option is invoked on the EXEC card (see Section 5 . 4 . 2 ) .  
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FT14F001* - The SLP Ephemeris File contains planetary 
ephemeris data referenced to a mean of 
1950.0 coordinate system and is used 
throughout GTDS. 

FTlSFOOl - The observation card input data set may be 
input directly via FTlSFOOl or by a separate 
DD card (OBSCARDS). In either case, the 
observation cards must immediately follow 

.the DD card. Thus, if observation input by 
card is specified Via the WORKOBS OK 
OBSINPUT keywords, either an OBSCARDS 
FTlSFOOl DD is required. The form is 

//GO.FTlSFOOl DD 
observation 
jcard 
ldeck 

OK 

//GO.OBSCARDS DD 
o bs e rva t ion 
icard 
ldeck 

O K  an 

See Section 3 . 4 . 7 .  

FT16F001 - The data simulation summary data set con- 
tains information for the Data Simulation 
Summary Report of the Station Contact 
Report. If neither of these. reports is to 
be generated, the file is not used, and 
input/output (I/O) time requirements are 
reduced. Both reports are controlled by the 
DSPEA3 keyword card. 

*These files are part of t h e  GTDS permanent data base. The 
JCL card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 
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FT17F001 

FTl8FOOl 

FT19F001 

FT20F001 

- The Observations Working File data set is 
created whenever an OBSINPUT or WORKOBS 
keytrord is used. The file contains all 
observations eligible for use in the Dif- 
ferential Correction (DC) Program. 

- The SLP Working File data set is used when- 
ever a user elects to create his or her own 
SLP file rather than use either of the per- 
manent files defined on FT14FOOl O K  
FT78F001. The process is controlled via the 
SLPFILE keyword card. Note that the space 
allocated for this file cannot be increased 
in the JCL without a corresponding program 
modification to the DEFINE FILE statement 
(in subroutine SETDAF) for unit 18. 

\ 

- The direct-access primary ORBIT File with 
partial derivatives is used whenever the 
user wants to input or output a direct ORBIT 
File with partial derivatives. This file is 
also used as a scratch file for some options 
that require an intermediate ORBIT File. 
The JCL card must be overridden only when 
the file is used as input or when the output 
file is to be saved. The keyword cards that 
might require such an override are CMPEPHEM, 
DSPEA2, ORBTYPE, and OUTOPT. 

- The direct-access primary ORBIT File without 
partial derivatives is used when a request 
for such a file as input or output is made. 
The data set is dummy by default and must be 
overriden to be activated. This may be re- 
quired if any of the following keywords are 
used: CMPEPHEM, DSPEA2, ORBTYPE, and OUTOPT. 
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FT21F001 - The sequential primary ORBIT File with par- 
tial derivatives is used in the same way as 
FT20F001. The same restrictions apply. 
Note that the file defaults to tape rather 
than to disk. 

FT22FOOl - The sequential primary ORBIT File without 
partial derivatives is also a tape data set 
by default: it is used in the same way as 
FT2 OF0 0 1. 

\ 

FT23F001**- The graghics error message data set provides 
basically the same diagnostic information 
for graphics display as that generated on 
the printer. 

FT24F001 - The primary ORB1 File or EPHEM File-may be 
needed as either an input or an output 
file. Keyword cards that may indicate use 
of the file are CMPEPHEM, DSPEA2, and 
OUTOPT. This file is the first input file 
for EPHEM File merge (EPHMERGE). 

FTZSF001* - The GTDS Permanent Elements File contains 
orbital elements for various satellites. 
These elements may be referenced for use as 
initial elements in any of the GTDS programs 
that require initial elements. 

*These files are part of the GTDS permanent data base. The 
JCL card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 

**The graphics data sets are dummy or null data sets by 
default. The data sets are activated when the graphics 
option is invoked on the EXEC card (see Section 5.4.2). 
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FT26F001* - The 24-Hour Hold Eleme,nts File is a short- 
term storage file for orbital elements. 
During a GTDS run, elements may be stored on 
(and later retrieved from) this file. 

FT27F001’ - The Tracking Station Geodetics File contains 
station geodetics infolrmation used to create 
a working geodetics file for those GTDS pro- 
grams that require station information. The 
WORKGEO keyword card specifies requests for 
data from this file related to particular 
stat ions. 

FT28F001**- The graphics satellite ephemeris data set is 
used to store satellite ephemeris informa- 
tion f o r  graphics displays during an EPHEM 
Program execution. 

FT29F001 - The GTDS Observations Tape File is a data 
set containing observations in the sequen- 
tial GTDS format. Although it is normally a 
dummy data set, it may be required if either 
a DSPEA1, OBSINPUT, OK WORKOBS keyword card 
is used, When needed, a JCL override card 
is required to validate the file. 

FT30F001 L The DODS observation tape data set provides 
Observation input in the sequential DODS 
format, The data set is dummy by default 
and must be overridden. if needed. Keyword 

*These files are part of the GTDS permanent data base. The 
J C L  card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 

**The graphics data sets are dummy or null data sets by 
default. The data sets are activated when the graphics 
option is invoked on the EXEC card (see Section 5 . 4 . 2 ) .  
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cards that may require the file are DSPEA2, 
OBSINPUT, and WORKOBS. This format is no 
longer maintained for GSFC operational use, 
although GTDS can use data in this format. 

FT3lF001 - The GTDS observation disk data set provides 
a direct-access observation file in the same 
format as the GTDS Observations File 
(FT29F001). If the use of this file is in- 
dicated on the OBSINPUT or WORKOBS keyword 
card, an override must be provided to point 
to the valid data set. 

FT32F001 - The 60-byte Partial Batch Data File contains 
real-time (partial batch) tracking data re- 
quested by GTDS on the Request File (FT56). 
FT32 is dynamically allocated by GTDS, 
written to by the tracking data preprocess- 
ing program of TCOPS, and deleted by GTDS 
after use. Only a DD dummy statement need 
be supplied for FT32. 

FT33FOOl - The SLP tape may be used as either input O K  
output in an SLP File creation process. 
That is, the SLPFILE keyword card may spec- 
ify an SLP tape as either an input file or 
an output file. In either case, FT33FOOl 
must be overridden. 

FT34F001 - The JPL DE-96 tape is used as an input data 
source for SLP File creation. If the old 
DE-19 JPL tape is specified as input on the 
SLPFILE keyword card, a JCL override is re- 
quired. See the SLPFILE keyword card for 
the DCB override for the DE-19 tape. 
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FT35F001**- The graphics integration statistics data set 
is used to store statistical information for 
later graphics display during an EPHEM Pro- 
gram run. 

FT36F001**- The graphics .orbit gen.era.tor summary data 
set is also used to store ephemeris gen- 
eration information for later display. 

FT37F001 - The Observation Sort File is a working data 
set used when sorting is required to ensure 
that observation input data are time sorted 
whenever more than one observation input 
source is used. 

FT38F001* - The Time Conversion Coefficients File con- 
tains timing conversion and polar motion . 

data that may be accessed throughout GTDS 
runs. 

FT39F001* - 'The Ionospheric Refraction Generalized Coef- 
ficients File is used in the computation of 
ionospheric refraction corrections. 

FT40F001 - This data set is used for a graphics display 
of the Permanent File Reports. 

FT41F001 - The temporary starter arrays data set is 
used by the integrator whenever a change in 
integration direction is required during 
integration. 

*These files are part of the GTDS permanent data base. The 
JCL card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 

**The graphics data sets are dummy or null data sets by 
default. The data sets are activated when the graphics 
option is invoked on the EXEC card (see Section 5 . 4 . 2 ) .  
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FT42F001**- The graphics observation residual data set 
holds the residual report generated during 
an iteration so that it may be d'isplayed at 
the end of that iteration. This data set is 
also used to hold residuals to be plotted by 
the printer plot package. The Ephemeris 
Comparison (COMPARE) Program printer plots 
also use this file. 

FT43F001**- The graphics solve-for parameter data set 
contains solve-for parameter information for 
display during a DC Program run and com- 
parison difference information for display 
during a COMPARE Program run. 

FT44F001**- The graphics-elements data set also contains 

FT45F001 

FT46F001 

comparison differences for the COMPARE Pro- 
gram as well as an elements report for the 
DC Program. 

- The scratch ORBIT File is used when multiple 
sets of observations are used (e.g., tracking 
data plus attitude sensor data). 

- The Observations Save File data set is us.ed 
whenever a user requests the Observations 
Working File to be saved via the keyword 
card SAVE. In this case, an override is 
required to activate the normally dummy data 
set. 

*These files are part of the GTDS permanent data base. The 
JCL card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 

**The graphics data sets are dummy or null data sets by 
default. The data sets are activated when the graphics 
option is invoked on the EXEC card (see Section 5.4.2). 
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FT47F001 

FT4 8F00 1 

- The user receive center (URC) frequency 
punched output file is used to accommodate 
the separation of punched output when the 
URC frequencies are requested to be cal- 
culated and punched (SELOUT card). 

- This data set is used as a working file for 
Earth and lunar potential fields data. 

FT49F001** - The graphics DC Program Summary Report data 
set holds the DC Program Summary Report 
during a DC Program run and the Data Simula- 
tion Observation Report during a Data Simula- 
tion (DATASIM) Program run whenever the 
graphics option is used. 

FTSOFOOl 

FT5 lFOO 1 

FTS2F001 

- The real-time tracking data acquisition sum- 
mary data set may be provided via FT50F001 or 
via DD card DODSUM. In either case, the data 
set contains summary information on the 
tracking data received. (The DODS real-time 
capability is no longer supported in GTDS). 

- The standard DC Program Elements Report is 
a single-page summary report of the final 
DC Program elements. The report is gen- 
erated on the printer and may later be used 
for. teletype transmission. If the teletype 
report is desired, an override card must be 
provided. 

- The data simulation DODS input tape is re- 
quired by the DATASIM Program for a type 4 
tracking schedule. If the option has been 
selected on the DSPEAl card, an override is 
required to point to ,a valid data set. 

**The graphics data sets are dummy or n u l l  data sets by 
default. The data sets are activated when the graphics 
option is invoked on the EXEC card (see Section 5.4.2). 
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FTS 3F00 1 

FTSQFOOl 

FTSSFOOL 

FTS6F001 

FT57F001 

FTS8FOO 1 

The Computer-Assisted Interactive Resource 
Scheduling (CAIRS) Orbit Determination 
Report data set provides information to the 
launch support team during a support oper- 
ation. Information is written to this data 
set by GTDS at the end of each DC Program’ 
run with the graphics REJkTII4E option on 
the CONTROL keyword card. An override is 
required for the CAIRS file t o  be updated. 

The Chebysheu ephemeris tape may be gen- 
erated by GTDS for use o n  a PDP-11 com- 
puter. If this option is requested by the 
OUTOPT keyword, an override card is re- 
quired, 

The CRT is required for the i.nte.ractive 
mode. When running in the interactive 
mode, an IBM 22SO is allocated to the job 
via this unit automatically, 

The Request File contain requests written 
by GTDS for the data collection program of 
TCOPS to provide 60-byte partial batch 
(real-time) data, 

The COMMON block default values data set is 
used to save the initial or def.ault values 
for GTDS-labeled COMMON blocks so they may be 
restored on request. 

The Ionospheric Refraction Working File 
data set (Novak model) is used for the 
working file created when refraction cor- 
rection using the Novak file is requested. 
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FTS9F001* 

FT6 OF0 0 1 * 

FT6 lFOOl 

FT6 2F00 1 

FT6 3F00 1 

FT64F001 

- The Solar Flux Data File contains solar flux 
data used in the computation of solar radia- 
tion and ionospheric refraction effe-cts. 

- The GTDS Accounting Information File provides 
a running account identifying GTDS users and 
the types of GTDS programs being executed. 

- The Residual Edit Working File is used by 
the residual editor during the DC iteration 
process. 

- Tracking Data Validation Extract File is 
used by offline programs to process resid- 
ual plot. 

- The Flight Director's Report provides the 
flight director with a summary of what is 
happening with GTDS during a support opera- 
tion. GTDS provides information to this 
report through this data set whenever the 
graphics REALTIME opti3n is specified on 
the CONTROL keyword card for a DC Program 
run. An override is requited in this case. 

- The SOR Extract File is used by offline 
programs t o  process SOR residual data and 
validation and calibration data. FOK mag- 
netic tape output of the SOR extract the 
following JCL card override is needed: 

//GO.FT64F001 DD UNIT::2400-4,DISP=(,PASS), 
/ /  DCB=(RECFM=VBS,LRECL=132,BLKSIZE=3304, 

BUFNO=l), 
/ /  LABEL=(l,BLP),VOL=SER=tapenumber 

*These files are part of the GTDS permanent data base. The 
J C L  card pointing to these files shou1.d not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 
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FT65F001 - The intermediate Ionospheric Refraction 
Coefficients Working File data set is used 
when ionospheric refraction correction 
(Bent model) is requested. 

FT66F001 - The intermediate Ionospheric Refraction 
Coefficients Working File save data set is 
used to save the intermediate file on re- 
quest. The request may be made via the 
WORKIONO keyword. The save !file may be 
used as input at a later date!, also through 
the WORKIONO keyword. 

FT67F001 - The data set for real-time refraction coef- 
ficients as a function of uni.versa1 time is 
not currently imgl-emented. 

FT68F001* - The Tropospheric Data File (scale height 
and refractivity) is used by the Bent model 
for ionospheric refraction corrections. 

FT69FOOl** - The Graphics Prompting File is used to pro- 
vide prompting messages (or instructive 
text) to the user when the user is running 
in the interactive mode. The messages are 
designed t o  assist the user in execution of 
interactive graphics options. 

*These files are part of. the GTDS permanent data base. The 
JCL card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source other than the GTDS permanent data base. 

**The graphics data sets are dummy or null data sets by de- 
fault. The data sets are activated when the graphics 
option is invoked on the EXEC card (see Section 5 . 4 . 2 ) .  
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FT70F001 - The sequential card image data set is used 
in a graphics run if a request to modify 
sequential input is made from the CRT input 
menu display in the prompting mode. The 
data set should consist of one or more key- 
word card input decks. 

FT71F001 - This permanent ORBIT File is used for a 
TDRS ephemeris. An override is needed to 
activate the normally dummy data set. 

FT72F001 - This permanent ORBIT File is used for a 
TDRS ephemeris. An override is needed to 
activate the normally dummy data set. 

FT73F001 - This permanent ORBIT File is used for a 
TDRS ephemeris. An override is needed to 
activate the normally dummy data set. 

FT74F001** - The graphics interrupt data set contains a 
record of all operator acti,ons taken during 
an interactive graphics session. 

FT75F001* - The Jacchia Atmosphere File is accessed 
when atmospheric density tables based on 
the Jacchia-Roberts atmosphere model are 
requested. 

FT76F001 - The GMAN output file contains mass/thrust 
tables. 

*These files are part of the GTDS permanent data base. The 
JCL card pointing to these files should not be overridden 
unless the user is purposely accessing data from some 
source Other than the GTDS permanent data base. 

?*The graphics data sets are dummy OK null data sets by de- 
fault. The data sets are activated when the graphics 
option is invoked on the EXEC card (see Section 5 . 4 . 2 ) .  
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FT77FOOl - The working ORBWEPHEM File is used inter- 
nally by GTDS in the generation of ORB1/ 

EPHEM Files that are not strictly time 
ordered. 

FT78F001* 

FT7 9FO 0 1 

FT80F001 

FT81F001 

FT82FOOl 

- The SLP F i l e  [true-of-date (TOD) coor- 
dinates] contains planetary (ephemeris data 
and is accessed throughout GTDS computation 
when the user has specified TOD coordinates 
for the integration. 

- The FSF is used as an output of the THMODEL 
Program and as an input to the EPHEM Pro- 
gram for  an orbit propagation through burns 
(invoked by the keyword BURNFSF). 

- The scratch ORBIT File is used for the 
target satellite in runs that process TDRSS 
or ATSR tracking data. An override card is 
needed to activate the normally dummy data 
set. 

- The secondary ORBWEPHEM File may be used 
as input or output in GTDS. An override is 
required if any of the following keyword 
cards specifies use of the file: CMPEPHEM, 
DSPeA2, O K  OUTOPT. This file is the second 
input file for EPHEM merge (EPHMERGE). 

- The sequential secondary ORBIT File with 
partial derivatives is used in the same way 
as FT20F001. 

*These files are part of the GTDS permanent data base. The 
JCL card pointing to these files should not ble overridden 
unless the user is purposely accessing data f r o m  some 
source other than the GTDS permanent data base. 

5 - 2 0  

149 



FT8 3 FO 0 1 

FT84F001 

FT85F001 

FT86F001 

FT87F001 

FT88F001 

FT89F001 

FT9 OF00 1 

FT91F001 

FT92F001 

FT9 3F00 1 
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- The third ORBl/EPHEM File is used just as 
FT81F001 is used. OUTPUT file for EPHEM 
merge (EPHMERGE). 

- The sequential secondary ORBIT File without 
partial derivatives is used in the same way 
as FT20F001. 

- The fourth ORBl/EPHEM File is used in the 
same way as F T ~ ~ F o O ~ .  

- The direct-access secondary ORBIT File with 
partial derivatives is used in the same way 

as FT20F001. 

- The fifth ORBl/EPHEM File is used in the 
same way as FT8lF001. 

- The direct-access secondary ORBIT File 
without partial derivatives is used in the 
same way as FT20F001. 

- The Graphics Act-eleration File is not in 
the procedure at this time. 

- Spare--not in the procedure at this time. 

The GDH sequential observation data set is 
required whenever the GDH sequential ob- 
servation source is specified as input on 
either the WORKOBS or OBSINPUT keyword 
cards. An override is required to validate 
the file for these keywords. 

- The Error Analysis (ANALYSIS) Program .Sum- 
mary Report data set is used to accumulate 
ANALYSIS Program information for a printer 
report. 

- The error analysis data set 
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FT94F001 - The attitude sensor data set is.an observa- 
tion source available to GTDS. An override 
is required for this data set: if either the 
WORKOBS or OBSINPUT keyword card specifies 
optical aspect data as input. 

FT95F001 - The SOB File contains observaition residuals 
and data batching information1 that are used 
for tracking station validation and cal- 
ibration statistics. 

FT96F001 - The 60-byte permanent observation data base 
contains data in the GDH output format. 

FT97F001 - The scratch ORBIT File for a relay satel- 
lite is used to process TDRSS OK ATSR 
tracking data. 

FT98F001 - The scratch ORBIT File Eor a relay satel- 
lite is used to process TDRSS tracking data. 

FT99FOOl - The Scratch ORBIT File for a relay satel- 
lite is used to process TDRSS tracking data. 

INPUTPDS - The CRT Input File is a patt.itiOned data 
set: each of its members contains a keyword 
card input deck. The data set is used when 
GTDS is run in the interactive mode and the 
user elects to submit one of the members to 
the input processor. If the partitioned 
data set option is to be used in a graphics 
run, an override JCL card must be supplied 
to point to a valid partitioned data set. 
The Data Control Block (DCB) of the data 
set must be DCB= (RECFM=FB , LRECL =8 0, 

BLKSIZE=7200). 
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NUCLEUS - The nucleus data set provides GTDS with 
system accounting information. 

SYSUDUMP - The dump data set provides the user with a 
core dump when abnormal termination of the 
job occurs. 

ERRDUMP * - The graphics dump data set allows the user 
to dump core whenever an abnormal termina- 
tion occurs in a graphics job. Following 
completion of the dump, the user may con- 
tinue the job by submitting a new keyword 
card input deck. 

Other JCL cards that may be required are those cards that 
activate the dedicated printer. This option is strictly for 
the operational support mode and shou:ld not be used at other 
times. The following cards are required: 

//GO.FT06F001 DD DSN=DEDOUT,DISP=(NElrJ,DELETE),UNIT=3350, 
/ /  DCB=(RECFM=VBA,LRECL=1:37,BLKSIZE=6169), 
/ /  SPACE=(6169,(600),,CONTIG) 
//GO.DEDIN DD DSN=DEDOUT,VOL=REF=*.GO.FT06FOOl,UNIT=33!50, 
/ /  DI SP =SHR 
//GO.DEDOUT DD UNIT=OOl,DISP=(,PASS),SPACE=(TRK,(30,30)) 
/ /  DCB=(RECFM=VA,LRECL=13'7,BLKSIZE=l41) 

The FT06F001 card causes the information that is normally 
printed to be stored in a disk set. The DEDIN card points 
to the FT06F001 data set containing the desired output. 

The DEDOUT card points to the specific printer (via the UNIT 
parameter) which is dedicated to the ,job. In this example, 

*The graphics data sets are dummy or mu11 data sets by de- 
fault. The data sets are activated when the graphics option 
is invoked on the EXEC card (see Section 5.4.2). 

5-23 

14 9 



DOC. NO. REV. NO. 
SD-85/6738 2 

the printer is 001; however, any availab'le prlnter may be 
used. The DEDIN and DEDOUT DD cards are not part of the 
procedure and if used, they should be the last JCL cards in 
the deck. 

5.3 UCLEG PROCEDURE 

(The following text description of UCLEG has been left in 
the user's guide for those that may still need to use it. 
For the most part, GSFC has 'now installed GTDS source in a 
Panvalet environment. See Section 5.6.) 

UCLEG is an acronym derived from the functions, of. the four 
steps within rhe procedure (i.e., update, compile, linkedit, 
and go). As noted previously, this procedure is designed 
for the user who wishes to modify one OK more subroutines 
within GTDS. Each step of the procedure (shown in Fig- 
ure 5-2) is discussed in detail in the remainder of Sec- 
tion 5.3. In addition, a short description on how to use 
the Compaction Utility program, PACKUPD, is included in the 
description o f  the update step. 

The UCLEG procedure is slated for revision in the near 
future and will use Panvalet as the source compaction and 
maintenance utility. The current UCLEG procedure will be 
used until that is accomplished. 

5.3.1 PUPAM AND PUPNZ STEPS 

The update steps (PUPAM and PUPNZ) allow the u:ser to perform 
temporary updates to any GTDS subroutine. Most JCL normally 
required is provided within the procedure step. 

Two update steps are required because the GTDS source is now 
maintained in two libraries: one containing units with 
names beginning with the letters A through M, and the other 
with names beginning with the letters N through 2 .  
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5.3.1.1 PUPAM and PUPNZ J C L  

The f i r s t  JCL c a r d  of PUPAM and PUPNZ is t h e  EXEC c a r d ,  

which i n i t i a t e s  e x e c u t i o n  of t h e  u p d a t e  program, PACKUPD. 

T h i s  program r e s i d e s  i n  t h e  d a t a  se t  d e f i n e d  by t h e  second  

J C L  c a r d ,  STEPLIB. Thus ,  t h e  STEPLIB c a r d  t e l l s  t h e . o p e r a t -  

i n g  s y s t e m  where  t o  f i n d  PACKUPD. The t h i r d  c a r d ,  SYSPRINT, 

p r o v i d e s  a v e h i c l e  f o r  l i s t i n g  t h e  PACKUPD i n p u t  c a r d s  ( and  

PACKUPD c o n t r o l  c a r d s )  t h a t  d e s i g n a t e  t h e  s p e c i f i c  u p d a t e s  

t o  be made. These  c o n t r o l  c a r d s  ( s e e  S e c t i o n  5.3.1.2) must 
be i n c l u d e d  i n  a d a t a  se t  t h a t  i s  i n d i r e c t l y  d e f i n e d  by t h e  

f o u r t h  J C L  c a r d ,  SYSIN. T h a t  i s ,  t h e  SYSIN DD c a r d  p o i n t s  

t o  a n o t h e r  DD c a r d ,  DATAM o r  DATNZ, wh ich  a c t u a l l y  d e f i n e s  

t h e  c o n t r o l  c a r d  d a t a  s e t .  FOK example ,  u p d a t e s  t o  t h e  AM 

' source would be  p r o v i d e d  as f o l l o w s :  

//PUPAM.DATAM' DD 

PACKUPD c o n t r o l  c a r d  1 

PACKUPD c o n t r o l  c a r d s  f o r  AM 

s o u r c e  u n i t s  

PACKUPD c o n t r o l  . c a r d  I n 
The f i f t h  and  s i x t h  c a r d s  (PACKIN and SEQOUT) d e f i n e  t h e  

i n p u t  packed s o u t c e  d a t a  se t  and t h e  s e q u e n t i a l  o u t p u t  con- 
t a i n i n g  t h e  u p d a t e d  s u b r o u t i n e s .  Note t h a t  t h e  o u t p u t  d a t a  

s e t ,  SEQOUT, is  a t empora ry  d a t a  set t h a t  e x i s t s  o n l y  € o r  
t h e  j o b  i n  which  i t  i s  c r e a t e d .  The l a s t  JCL c a r d  i n  t h e  

PDSUP s t e p ,  SUBRLIST, o p t i o n a l l y  p r o v i d e s  a p r i n t e d  l i s t  of 
t h e  c o m p l e t e  u p d a t e d  s o u r c e  s u b r o u t i n e s ,  i n c l u d i n g  t h e  new 
c a r d  numbers wh ich  have been  a s s i g n e d  a s  w e l l  as t h e  c a r d  

numbers a s  t h e y  a p p e a r  i n  t h e  permanent  s o u r c e  l i b r a r y .  I f  

d e s i r e d ,  t h i s  l i s t i n g  may be g e n e r a t e d  by i n c l u d i n g  the 
p a r a m e t e r  'LIST'  f o r  t h e  PUPAM o r  PUPNZ s t e p  o n  t h e  EXEC 

UCLEG c a r d ,  f o r  example:  

/ /  EXEC UCLEG,PARM.PUPPM='LIST' 
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5.3.1.2 PACKUPD Control Cards 

To generate the PACKUPD control cards previously mentioned, 
the user must have a current listing of the FORTRAN source 
code for each subroutine to be modified, The control cards 
used by 
rules: 

0 

0 

e 

e 

The use 
example: 

the PACKUPD Program must conform to the following 

A control card with a dollar sign ( 3 )  in card col-. 
umn 1 followed immediately by a subroutine name 
indicates to the PACKUPD Program which subroutine 
is to be updated. 

A minus sign ( - )  in card column 1, followed by a 
single line number, denotes an insertion of new 
source code following that line. The! source code 
to be inserted must immediately follow this minus 
card. 

A minus sign ( - )  in card column 1, followed by a 
single line number, a comma, and a second single 
line number, denotes deletion of source code having 
line numbers from the first line number and con- 
tinuing through the second line number. The user 
may optionally replace deleted source code with new 
source code included on cards which immediately 
follow this minus card. 

All line numbers associated with each subroutine 
must be in ascending order. Subroutines may be in 
any order. 

of PACKUPD control cards is shown in the following 

$ E XAMP LE 
-100 

C THESE CARDS ARE INSERTED 
C FOLLOWING CARD LOO 
- 115,llS 
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C THESE TWO CARDS REPLACE 
C CARD NUMBER 115 
-120,125 
C THIS CARD REPLACES CARDS 120 THRU 125 
-130,136 
-140,140 
C THIS CARD REPLACES CARD 140 

The $EXAMPLE card i n d i c a t e s  t h a t  s u b r o ' u t i n e  EXAMPLE i s  t o  be 

upda ted .  The -100 card i n d i c a t e s  t h a t  a l l  i n p u t  cards up t o  
t h e  nex t  minus card ( i n  t h i s  case two comment cards) w i l l  be 

i n s e r t e d  i n t o  t h e  EXAMPLE s u b r o u t i n e  f o l l o w i n g  l i n e  num- 
ber 100. The -115,115 card i n d i c a t e s  t h a t  l i n e  115 w i l l  be 

de le ted  and r e p l a c e d  by a l l  t h e  i n p u t  cards up t o  t h e  nex t  
minus ( a g a i n  two comment cards).  The -120,125 card i n d i -  
cates tha t  cards w i t h  l i n e  number6 1 2 0  t h r o u g h  125, i n c l u -  
s ive ,  w i l l  s i m i l a r l y  he r e p l a c e d  by the comment card ,  and 
t h e  -130,136 card i n  t h e  example deletes  l i n e s  130 th rough  
136, i n c l u s i v e ,  from t h e  s o u r c e  code. The - 1 4 0 , 1 4 0  card 
c a u s e s  r ep lacemen t  of t h e  l i n e  numbred 1 4 0  w i t h  t h e  comment 
card. 

Any number of these sets of c o n t r o l  cards may be s tacked one 
behind  t h e  o t h e r .  No b lank  cards are  a l lowed .  

If a n  e n t i r e  s u b r o u t i n e  is  t o  be added,  t h e  f o l l o w i n g  con- 
t r o l  cards care needed: 

149 

$NEWSUB,ADD 

7 SUBROUTINE NEWSUB 

s o u r c e  s t a t e m e n t s  t 
END I 
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5 . 3 . 2  SOURCE STEP 

The compile step, SOURCE, receives as input the sequential 
output (SEQOUT) data set created by PACKUPD. It compiles 
all source code in the data set and creates a sequential 
output file containing the object mbdules f o r  all subrou- 
tines involved. Normally, no user-supplied JCL is required 
for this step. 

The EXEC Card (card number 1 5  in Figure 5-2) initiates the 
FORTRAN H Extended (Enhanced) compiler. (GTDS uses a default 
optimization level of 3.) The second card o f  the source 
step, STEPLIB, points to the data set containing the FORTRAN 
compiler. The third card, SYSINDEX, assigns the printer as 
the output device for the subroutine index. ?!he next JCL 

card of the source step, SYSLIN, d e f i n e s  the output object  
file. The SYSTEM data set is used by the operating system 
in case of job failure. The SYSPRINT and SYSPUNCH files are 
for printed and punched output, respectively. The printed 
output includes the source listing, XREF, MAP, etc. The 
punched output includes object decks. The SYSUT1, SYSUT2, 
and SYSUT3 cards define necessary work space for the com- 
piler. The final JCL card of the source step, SYSIN, points 
to the input source data set (i.e., the SEQOUT data set that 
was created in the PDSUP step). 

5.3.3 LINK STEP 

The third step, LINK, combines the object modules created in 
the SOURCE step, additional object modules, system data 
sets,'the current GTDS load module, and an overlay data set 
to create a temporary load module containing all user-speci- 
fied modifications to the system. This combining operation 
is performed by the linkage editor p,rogtam invoked on the 
EXEC card (card number 29 in Figure 5-2). The second J C L  
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card of the step, STEPLIB, points to the data set containing 
the linkage-editor. The next JCL card of the step, SYSLIB, 
points to the GTDS load module and vaicious system li- 
braries. The SYSLMOD data set contains the output load 
module. SYSLMOD is a temporary data :;et and is deleted at 
the end of the job unless an override is included to save or 
catalog the data set. The SYSPRINT and SYSUTl cards provide 
printed output and internal work space for the linkage 
editor, and SYSUDUMP provides a dump area that will be used 
in case an abnormal termination occur:; in this step. The 
TAPELIB data set is normally a dummy hut may be overridden 
to include object modules from other jtnput sources. The 
remaining linkage editor input comes from the SYSLIN data 
set (a concatenation of the object modules output from the 
compiler) plus  the OVERLAY data set, which is defined via 
linkage editor input cards. 

5.3.4 GO STEP 

The GO step causes the actual execution of the load module 
created by the LINK step. The only difference between the 
GO step in the UCLEG procedure and the GO step. in the GTDS 
procedure (see Section 5 . 2 . 2 )  is the load module that is 
executed. The GTDS procedure points t .o the operational ver- 
s i o n  of GTDS f o r  i t s  load module, and UCLEG points to a mod- 

ified GTDS version defined by the SYSLMOD DD card in the 
LINK step. All other J C L  cards in the two GO steps are ex- 
actly the same as those described in Section 5 . 2 . 2 .  

5 . 4  PROCEDURE PARAMETERS 

Whether the GTDS or the UCLEG procedure is used, several 
parameters may be required on the user-supplied EXEC card. 
These parameters are described in,the remainder of this 
sect ion. 

5 - 2 9  
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5 . 4 . 1  REGION PARAMETER 

The REGION parameter indicates what the core requirements 
are expected to be. There is a REGION parameter associated 
with each step of each procedure. The default REGION pa- 
rameters are generally sufficient for most jobs, but at 
times the region size must be increased. This is true for 
all graphics jobs and for some jobs that use modified GTDS 
load modules: 

The GO steps of both procedures default to a .region size of 
620K. Whenever GTDS is run in the interactive mode, using 
the IBM 2250 graphics terminals, the region size must be 
increased t o  750K t o  allow for additional bufEer space and 
for the graphics software linked to the standard load mod- 
.ule. The region size may be increased as follows: 

/ /  EXEC GTDS,REGION.GO=lOOOK 
OK 

/ /  EXEC UCLEG,REGION.GO=lOOOK 
. OK 

. / /  EXEC GTDSMOD,REGION.G0=1200K 

for the GTDS and UCLEG and GTDSMOD procedures, respectively. 

5.4.2 GRAPH AND UNIT PARAMETERS 

In both the GTDS and the UCLEG procedures, two other param- 
eters appear on the PROC statement, which is the first card 
in each figure. These parameters, GRAPH and IJNIT, are both 
related to interactive mode options of GTDS. 

The GRAPH parameter is used t o  place a job into the inter- 
active mode. By coding GRAPH= on the procedure EXEC card., 
all data sets that are required for a graphics job are auto- 
matically allocated. This does not include the optional 

5 - 3 0  
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data sets such as INPUTPDS. The EXEC card is coded as 
f 01 l ows:  

/ /  EXEC GTDS,REGION.G0=10OOK,GRAPH= 
or 

/ /  EXEC UCLEG,REGION.GO=lOOOK,GRAPH= 
or 

/ /  EXEC GTDSMOD,GRAPH= 

The UNIT parameter allows the user to select the exact 
graphics device to be allocated to the job. In the proce- 
dure, the value of UNIT defaults to 2250-1. This tells 
OS/VS2 to assign an available IBM 2250 graphics device to 
the job. 

When a specific device is selected through the UNIT symbolic 
parameter, care must be taken to ensure that the requested 
device is'available (see Reference 3). 

5 . ' 4 . 3  S S A M ,  SSN, MODULE, AND OVRLY PARAMETERS 

I n  the UCLEG procedure, the SORS parameter defines the input 
partitioned data set containing the GTDS source Library o n  
the PACKIN card of the PDSUP step (see Section 5.3.1.1). 
The MODULE parameter defines the GTDS load module for the 
linkage-editor o n  the SYSLIB card of the LINK step (see Sec- 
tion 5.3.3). The OVRLY parameter d e f i n e s  t h e  GTDS overlay 

data set for the linkage-editor on the SYSLIN card of the 
LINK step. The default data sets for these parameters dre 

SSAM='ORBIT.GTDS.SORSLIB.AMFORT', 
SSNZ='ORBIT.GTDS.SORSLIB.NZ.FORT', 
MODULE='ORBIT.GTDS.LOADMOD.LOAD', 
OVRLY='ORBZT.GTDS.OVERLAY-DATA' 

1 

on the FDF R 1  and R2 computers. To u s e  data sets other than 

the default data sets, the user should either override the 
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proper DD cards in each job step or input the desired data 
sets through these parameters on the EXEC UCLEG card, as 
shown in the following example: 

/ /  EXEC UCLEG, 
/ /  SSAM='ORBIT.DELMOD-AORT' ,  
/ /  SSNZ='ORBIT,DELMOD.NZ.FORT', 
/ /  MODULE='ORBIT.DELMOD.LOAD', 
/ /  OVRLY='ORBIT,DELMOD.OVERLAY.DATA' 

5.5 COM INDEXING 

5.5.1 INTRODUCTION 

Computer Output Microfiche (COM) with indexing can be in- 
voked rather easily in either a GTDS DC Program or EPHEM 
Program- The major changes  w i l l  occur  i n  t h e  ,JCL of  t h e  COM 

procedure and will be explained in detail later. The in- 
dexing will include the titles and grid locations (page num- 
bers) of all the major reports in a DC or EPHEM Program, 
along with a detailed index for each SOR batch report.. In- 
dexing will work tor all tracker types. The indexed frames 
will appear as the last two frames reproduced on the micco- 
fiche. 

5 . 5 . 2  REQUIREMENTS TO IMPLEMENT COM-INDEXING 

No changes to GTDS are required to implement COM indexing. 
However, two JCL card changes are required to invoke COM 
indexing. Figure 5-3 shows the JCL presently needed to run 
the COM procedure, including the output file card FT06. I f  
COM indexing is desired, then the EXEC card must contain the 
parameter data set name INDEX Located in the partitioned 
data set specified by the data definition card EZFPARMS. 
Stating i t  another way, this means that program SEQ is lo- 
cated in data set SYS2.COMPARM and that program INDEX is 
Located in data set 0RBIT.COMPARM.DATA. 

, .  
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5 . 5 . 3  DESCRIPTION OF COM INDEXING ROUTINE 

Microfiche indexing can be invoked from the COM procedure by 
either calling the existing indexing routine (INDEX) or pro- 
viding your own input parameter setup using the EZFPARMS 
data definition card. A sample setup is shown in Fig- 
ure 5-4. All these cards are required for microfiche. How-. 
ever, only the INDXPG, XNDXHDR, and INDEX keywords are used 
for the indexing step. (All parameters are described in 
Reference 15.) 

The INDXPG parameter card must be specified according to the 
desired indexed output. The first field, enclosed in a 
separate set of parenthesis, specifies the maximum index key 
length, print start position, and the print length. The 
maximum key length is 127 characters OL less, and the print 
length is determined by the number of columns specified in 
the second field. If one column per index frame is re- 
quested, then the maximum print length is 108. If n columns 
is specified, then the print length must be approximately 
equal to or less than 127/n depending upon room for grid 
locators and spacing between columns. The other fields in 
the INDXPG keyword as well as the INDXHDR and INDEX keywords 
are explained in Reference 15. It should be noted that on 
t h e  INDEX card t h e  mask f i e l d  t e s t e d  may be longer O K  
shorter than the field actually specified by the position 
parameter. 

The other COM parameters are explained in detail in Refer- 
ence 15. 

5 . 5 . 4  SUMMARY 

COM indexing can be implemented by the GTDS user with only 
slight changes to his or her existing card decks. 
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5 . 6  UPDATING GTDS I N  A PANVALET ENVIRONMENT 

5 . 6 . 1  INTRODUCTION 

.The vast size of GTDS makes the cataloging and storage of a 
GTDS load module undesirable. A programmer often must debug 
to understand the program flow in GTDS. Many runs are often 
necessary for the testing of possible solutions,and verifi- 
cation that some solution does not interfere with usual GTDS 
cesults. Each run involves different updates and, there- 
fore, the GTDS load module created in one of these runs 
should not be kept after the completion of the batch run. 
Procedures for modifying GTDS have been writte!n that delete 
the load module at the end of the job. 

5.6 .2  GTDSMOD AND THE STANDARD PROCEDURAL LIBRARY 

Creating a test GTDS load module usually involves executing 
several steps contained in a cataloged procedure called 
GTDSMOD. This procedure exists in several procedural li- 
braries, but is maintained and kept most up to date in the 
maintenance library. It is urged that GTDSMOD from TCSXX. 
MAINT.NEW.PROCLIB be used unless special circumstances arise 
that warrant usage of some other procedure and, in such 
cases, extreme cauti0.n should be taken in their use. It is 
difficult to merge many updates from many different program- 
mers because conflicts are usual: different procedures can 
make these conflicts and problems impossible to resolve. 
Also, other procedures lack checks that protect the confi- 
gured source from accidental changes. 

The steps in the GTDSMOD procedure are as f o l l l o w s :  

a CHECK--Gathers user updates: consists of Panvalet 
commands, source updates: input is mandatory. 
Checks Panvalet commands in INMOD step to make sure 
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source or Panvalet library will not be altered per- 
manently: leaves incorrect Panvalet usage to the 
next step but will abort job if user is about to 
alter configured library. 

0 MODUPD--Applies temporary updates to configured 
Panvalet source library. 

0 SOURCE--Compiles the subroutines passed from MODUPD 
above. 

0 LINK--Links compiled units with load module that 
matches configured source library and creates a 
temporary load module: uses configured overlay or 
one created by user. 

0 GO--Executes temporary load module created in LINK: 
deleted at end of job. 

GTDSMOD is provided in Figure 5-5  for easy reference. . 

5.6.3 SAMPLE JOB SETUP 

A sample GTDSMOD execution appears in its simplest form as: 

//ZBXXXMOD JOB (BTCOP,MMDM,NN),'GTDSMOD SPLT ',TIME=3 
/ /  MSGLEVEL=(l,l),MSGCLASS=X,CLASS=B.NOTIFY=ZBXXX 
/*JOBPARM LINECT=88,LINES=50 
//PROCLIB DD DSN=TCSXX.MAINT.NEW.PROC!LIB,DI~SP=SHR 

//INMOD.DATA5 DD 
++UPDATE RUNACC,l,TEMP 
++c 3.3 
C SEE LINE DELETED--SEE 
C THESE 

++c 4 
C SEE THIS ADDITIONAL LINE 
++WRITE WORK,RUNACC 
++WRITE PRINT,RUNACC 
/ *  
//GO.FT24F001 DD DSN=&EPHl,UNIT=335O,DISP=(,PASS), 
/ /  SPACE=(TRK,(10,2),RLSE) 
//GO.FT80F001 DD DSN=&&TARGET 
//GO.FT97F001 DD DSN=&&RELAYl 
//GO.DATAS DD 

- / /  EXEC VGTDSMOD 

. c  IN ITS PLACE 
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CONTROL EPHEM LNDSAT-4 8 
EPOCH 840521.0 
ELEMENT1 1 1 1 -6439.7 -2763.1 1045.6 
ELEMENT2 -1.4203 0.55137 7.3449 
ORBTYPE 2 1 1 180.0 

7200.0 OUTPUT 2 2 1 840522.0 040000.0 
OGOPT 
OUTOPT 23 1 2 840520170000.0 840522040000.0 
END 
FIN 
/ *  
/ /  

Note that the JOBPARM with LINECT = 88 is necessary. Note 
also that GTDS usually outputs more than the default 20K 
lines, so lines = 50 is recommended. Time = 3, class = B is 
also recommended for most jobs. 

' 5.6.4 PANVALET UPDATES 

All GTDS source, including a copy of the overlay, is main- 
tained in a configured Panvalet library. Under no circum- 
stances should this,source be accessed with an ISPF Panvalet 
edit option. It may be ISPF Panvalet browsed, but blue 
books with line numbers afe readily available so usually 
browsing is not necessary. 

Only certain Panvalet options can be applied temporarily; 
the default is permanent. Thus, only certain Panvalet op- 
tions are allowed in GTDSMOD (see check step). These op- 
tions are illustrated below. 

1. ++UPDATE RUNACC,l,TEMP--RUNACC is a level 1 (see 
blue book level numbers) and updates will be 
temporary. 'TEMP' must be specified OK the job 

cause Panvalet error and job termination. 
. will abort (check). An incorrect level number will 

149 
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2. Line numbers accessing a unit must be in ascending 
order. 

3. Failure to '++WRITE WORK' will result in discount- 
ing updates, with no error iaessages; the updated 
units will not be compiled. 

14 9 
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MEL#ER=VGTOSOEL 

//**** VSFORTRAN OIL  PROC 
/ / . . * ~ ~ * * . ~ ~ ~ ~ * . ~ * . . * * * * * * * * * * * s * * * * * * * * * * * o * * * o * * * * * ~ l * * * * * * * * * * * * * * * * * *  

//** JCL PROCEWRC FOR THE G f o S  PROGRAM - VSFORTRAN 
//** TCOPS RELEASE 3 
//** 
//** 0. SQUIER (CSC) 4 / 8 7  
//** 
//** 
//** 
//..~~.~~~*-*.~~~~~~**~********oo************o*o**oo*******o******s*****o 
//** 
//VGTDSDEL PROC PRF=ORBIt .WT=O*’ .  
// MEW-QTDS . 
// OELTA-0ZBCPP.0TDSJ0.LOA01023~. 

CODEl=9.COOE2-LT.REG-2000)<. 
f M A P W = ‘ m .  ’ .UNIT= ’ZZM-  t ’ . // 

// 
// E*S.Q-1.OSK=SYSOA.OSUl=SYSOA. 
// TAPE=SYSOA. 
// GTOPBF=MJLLFILE. 
/ /  GTPBRF*MILLFILE. 
// SOREXT.. 
// O8M6O-~TCSXX.WAINT.G2OJC.OBM6O~ 
/ /*  
//* 
/ / ~ . . . . ~ . ~ * ~ ~ * * . ~ ~ . * * * * * * * * * * * * * * * * * * * * * * * * * * o * * * * o * * * * H * * * * * o * * * * * * * * * *  

//~~~...~***~~~.~o*.***************s*o********s***s**********o*******o* 

/ /* 
/ /* 0 

/ /*  FRN OESCRIPTION 
//* ------ --- ----------_-------------------------,-------------- 

/ /* DELTA OATASET MAME FOR GfOS OELMOO EXECUTAELE 
/ /* MCM GTOS MEmER-NAME IN GTOS LOA0 LIB 0 

/ /*  RLQ REGION SIZE FOR 010s 

//* PROCEDURE SY-OLIC PIRAYETERS 

OSNOV87 11.53.06 - VOL*VFlSCl.  DSN~TCSXX.M1IHT.NEYX.PROClIE 

F i g u r e  5-1. Listing of the Procedure: GTDS (1 of 6) 
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// 
/ / *  
/ / *  
/ /* 
//* 
//* 
//* 
/ /* 
/ /* 
// 
/ / *  
//* 
//* 
//* 
/ / *  

OUT 
OSK 
PRF 
COOE 1 
CODE2 
GRAPH 
UNIT 
B 
G 
TAPE 
GTOPBF 32 
GTPBRF 56 
SOREXT 64 
OBM60 96 

- VOL*VFlSCl. DSN-TCSXX.MAINT.NEWX.PROCLIB 
SYSOUT CLASS FOR F T O ~  ou-rpui 
UNIT NAME FOR DISK 
ORBIT OATASET NAME PREFIX 
00 STEP COND COOE TEST P I M A W  

PARAMETER TO M L L  GRAPHICS DATASETS 
UNIT NAM€ FOR 2210 GRAPHKCS TERMINAL 
EUFND FOR GTDS DATASETS 
BUFNO FOR GTOS GRAPHICS DATASETS 
UNIT NAME FOR 1600-BPI TAPE 
DATASET NAME FOR 60-BYTE PARTIAL-BATCH FILE 
DATASET NAME FOR PARTIAL-BATCH REOUEST FILE 
TAPE VOL-SER FOR SOR EXTRACT FILE 
OATASET NAME FOR BO-BYTE OATA BASE 

GO STEP.CONO CODE TEST PIRAM 
a 

.. 
//i*.~~.*~....~*..**~***********~**********~~*************************** 

//* 
/ /* 
//* 
/ / G O  tXEC PGM-6MEM.CON6-(6CODEl.6COOE2) .REGION-6REG 
//STEPLIB DD DSN=6DELTA,OISP=SHR 
//FTWF001 DO DUMMY 
//FTOlFOOl OD SYSWT=6WT.OCB-(RECFM-FBA,L~ECL=l33,BLKSIZE-l33) 
//FT02F001 DD DfSP-SHR.DSN-&PRF..GTOS.A,TIIOSDEN.DATA.DCB-BUFNO-bB 
//FT03F001 OD OISP-SHR.OSN-6PRF..GTOS.Y*NEUV'ER.OAtA.DCB-6UFNO-6B 
//FTMFOOl DD DISP-SHR.DSN-&PRF..GTDS.ASTROCON.DATA,DCB=6UFN-6B 
//FTOSF001 Do DDNAME-OATAS 
//* FOR COW STEP CHOOSE BLKSIZE-6111 
//FT06F001 OD SYSWT-6OUT.DC6-(RECFM-FBA,LRECL-l33.BLKSIZE-l33~ 
//FT07F001 OD SYSWT-6WT.DCB-(RECFM-FB,LRECL=60,BLKSIZE-6160~ 
//FT08FWI DO DISP-SHR.DSN-6PRF..GTDS.EARTHFLD.OATA.DCB-BUFNO-6E 
//FTO9FOOl 00 DISP-SHR.OSN-6PRF..G~S.LMARFLO.OATA.OCB=BUFNO-6B 
//FTlOFOOl DO DISP-SHR.DSN-6PRF..GTDS.I~COEF.DATA,DC8-BUF~-6B 
//FTllF001 OD DISP-SHR.DSN-6PRF..GTDS.SECTIONS.DATA,OCB-BUFNO-6B 
//FT12F001 00 6GRAPH.UNIT*6OSK. TEMPORARY DATA FOR CRT INPUT llODE 
// OCB-~RECFM-FB.LRECL-1O,BLKSIZE-32~.EUFN-6G~, 
// DISP-~NEW.DELETE).SPACE-(TR(<.(1.1)).DSN*&&INPRDMPT 
//FT13FOOl W OISP=SHR.DSN-TCSXX.GTDS.ERRORMSG.OATA,DCB-BUF~=l 
//FTl41001 00 OISP-SW.DSN-~PRF..GTDS.SLPlS5~.OATA, 
// LABEL-(..,IN).DCB-BUFND=6B 
//FTlSF001 OD DONAME-OBSCARDS OBSERVATION CARDS 
//FTlSF001 DO OSN-6FlB. OATA SIWILATION SUMWARY VORKIM FILE 
// UNIT-&OSK.SPICE-(124,7~) ,DCB=(DSORG=DA,BUF~-&B)  
//FT17F001 OD OSN-IF17. OESERVATIOIUS WRKINQ FILE 
// UNIT=&OSKl. 
// OCB-(RECFM-FB.LRECL-l64.ELKSIZ~-6072.BUFND-&B~, 
// SPACE-(6072.(1~.4O),..ROUM)) 
//FT 1BFm 1 OD DSN-&F 18, SLP WORKING FILE 
// UN1T-~OSK.SPACE-(2264.46~.OCB-~DSORG-DAI.BUFNO~6B) 
//FTlSFOOl OD DSN-6F19, DISK ORBIT FILE WITH PARTIALS 
// DCB-(RECFM-F.BLKSIZE=1024.DSOR~;-OA.BUFNO-6B~. 
// UNIT=6DSK.SPACE-(1024.1~) 
//FT2OFOO1 DO OSN-66F20. DISK ORBIT FILE WITHOUT PARTIALS 
// UNIT-6DSK.DCB-(RECFW=f,BLKSIZE~~lO24.OSORG-DA,BUF~-6B~, 

05NOV87 11.53.06 - VOL=VFlSCI. OSN-TCSXX.MAINT.NEUX.PROCLIB 

1 4 9  

F i g u r e  5-1. L i s t i n g  of t h e  Procedure:  GTDS ( 2  of 6 )  
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SPACE ( 1024,500) 
TAPE ORBIT FILE WITH'PARTIALS 

// 
//F121F001 DO OSN-66F21. 
// DCB-(RECFM=VBS.LRECL*102~.BLKSIZE-6172.DEN-3.BUFM)-6B). 
// UNIT-6TAPE.LABEL-(.BLP).DISP-(,PASS). 
// 
//FT22F001 W OSN-IIF22. TAPE ORBIT FILE WITWUT PARTIALS 
// DCB-(RECFM-VBS.LRECL-1028.BLKSIZE-6172.Oe"-3.BUFM-~B). 
// UNIT-6TAPE.LABEL-(.8LP).DISP=(.PASS). 
// SPACE-(TRK. ( I, IO) 1 
//FT23F001 DO 6GRAPH.UNIT-6DSK. ERROR MESSAGES FOR SCOPE 
/ k  OC8=(RECFM-FB.LRECL=8O.BLKSIZE-3200.BUFNal-&G). 
// SPAC~-(TRK.(l.lO)).DISP-(.PASS) 
//FT24F001 DO DSN-6F24. 1ST ORB1 OR EPHEM OUTPUT FILE 
// UNIT-~OSK.OISP-(.PASS). 
// DCB=(RECFM-VS.BLKSIZE-2~8.BUFNO-66), 
// SPACE=(TRK.(l.lO)) 
//FT2SF001 DO OISP-S~.DSN-6PRF..QTDS.ELEMENTS.OATA.DCB-BUF~-6B 
//FT26F001 DO DSN-TCSXX.W11NT.TVHF.DATA.DISP-SHR TCOPS VECTOR H. F. 
//FT27f001 DO DISP-SHR.DSN-6PRF..G~S.GEWTICS.DATA.DCB-BUFNO-6B 
//FT28F001 00 6GRIPH.UNIT-aOSK. SATELLITE EPHEMERIS TO SCOPE 
// OC8=(RECFl)rF6.LRECL-I)O.BLKSIZE-3200.lUFWO-IG). 
// 
//rrtsfool Do O S B l - b a ~ 2 9 .  
// DCB=(RECFM-MS.LRECL-7204.BLKSIZE=7208.DEN-3.BUFNO*~B). 
// 
//FT30F001 DO OSN-&SF30. 
// DCB-(RECFM=VBS.LRECL-104.BLKS1ZE-1044.DEN-3.BUFNO-6B~. 
// UNIT-6TAPE.LABEL-(.BLP).DISP-~.PASS).SPAC€-~TRK.~l.l0~~ 
//FT31F001 00 OSN-6bF31. GTOS OBSERVATION DISK FILE 
// UNIT=6OSK.O1SP-(.PASS). 
// OCB-(RZCFM-F.BLKSIZE-7200). 
// SPACE=(TRK.(2,10).RLSE) 
//FT32F001 DO DSN-IGmPlF. 60-BYTE PARTIAL BATCH FILE 
// DISP-SHR 
//FT33F001 OD DSN=b&F33. SLP TAPE 
// DCB=(RECFM=VS.BLKSItE134W,bEN-3,BUFNO-6B~, 
// UNlT*6TAP~.LABCL-(.BLP).OISP-(,PASS). 
// SPACE-(TRK.(l,IO)) 
//FT34F001 OD DSN-66F34. JPL TAPE 
// DCB-(RECFM-VBS.LRECL-1304.BLKSIZE-8308.DEM-3.BUFNO=6B). 
// UNIT-6TAPE.LABEL-(.BLP.,IN).DISP=(.PASS). 
// SPACt=(TRlC. ( 1.10) 1 
//FT3¶F001 DD 6aRAPH.UNIT*&OSK. INTEGRATION STATISTICS COR SCOPE 
// DC8-(RLCFW-FB.LRECL-~.BLKSIZE*3200.BUFNO~~6G). 

//FT36FOOl DO 6~APH.UNIT-6OSK. f I W L  ORBIT GENERATOR DISPLAY FOR SCOP 
// DCI-(RCCFM-fO.LRECL~dO.BLKSIZE-3200.BU~WO=~6G), 
// SPACE=(TRK.(I. IO)) 
//FT37F001 DO OSN-IF37. OESERVATIONS SORT FILE 
N UNIT-4OSK. 
// DCB-(RECFM-VBS.LRECL-I88,BLKSIZE-6208,BUFN~-6B), 
// SPACE=(TRK.(20.10)) 
//FT38F001 00 OISP-SHR.DSN=6PRF..~TDS.TIMcOF.OATA,DCB-BUFNo-&B 
//FT39F001 DO D1SP-SHR.OSN-~PRF..~TDS.GE~Of.OATA.OCB-EUF~-6E 

OSNOV87 11.53.06 - VOL=VFlSCl. DSN-TCSXX.MAINT.NEWX.PROCLIB 

SPACE-(TRK. ( I, 10) 1 

SPACE-(TRK. ( 1, IO) 1 

UNIT=~TAPE.LABEL-(.BLP).DISP=~.PASS).SPACE=~TRK.~~.IO)) 

QTDS OBSERVATION TAPE F I L E  

000s OBSERVATION TAPE 

// sPrct=(TRK.(l. IO)) 

149 

Figure  5-1. L i s t i n g  of t h e  Procedure: GTDS ( 3  of 6) 
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05NOV87 

/ /FT40F00 
/ /FT4 I F 0 0  
// 
// 
// FT42F00 1 
// 
// 

// 
// 

// 
// 
/ /FT45F001 
/ / 
// 
// 

// 
// 
/ /FT41F001 
// 
/ /FT48F001 
// 
// 

/ /FT43F00 1 

/ /FT44F001 

/ /FT46F001 

1.53.06 - VOL*VFlSCI.  DSN=TCSXX.MAINT.NEWX.PROCLIB 

DO DUMMY PERMANENT F ILES TO SCOPE 
OD OSN-&F41. TEMPORARY STARTER ARRAYS 

UNIT=6OSK, SPACE- ( TRK , ( 1. IO) . 
OCB-(RECFM-VBS.LRECL-S796.BLKSIZE-S800.BUFNO-6~) 

OD 6GRAPH.UNIT-6DSK. OBSERVATION RESIDUALS FOR SCOPE 
DCB-(RECFM-FB.LRECL-8O,Bl.KSIZE-3200.BUFN-6G~, 
SPACE=(TRK.(l, lO)) 

DO 6GRAPH.UNIT-60SK. SOLVE PARAMETERS FOR SCOPE 
DCB-(RECFM=FB.LRECL-BO.Bl.KSIZE-3200.BUFNO-6G). 
SPACE-(TRK.(l.IO)) 

DO &GRAPH.UNIT-&OSK. ELEMENTS FOR SCOPE 
DCB-(RECFM-FB.LRECL-80.Bl.KSIZE-3200.BUFNO-6G). 
SPACE-(TRK.(1.10)) 

UNIT-6OSK. 
OCB-(RECFM-VBS.LRECL-l0211.ELKSIZE~6172.BUFNO~6B~. 
SPACE-(CYL.(S.l)) 

OCB-(RECFM-VBS.LRECL-72Oll.BLKSI~E-7208.DEN-3.BUFN-6B) 
UNIT-6TAPE.LABEL-(.BLP).C~ISP~~.PASS~.SPACE-(fRK.~1.10~ 

OD SYSOUT-*. URC PUNCW F I L E  
OCI-(RECF~-FB.LRECL-IO.BLI<SIZE-8O~ 

DO DSN-66F48. EARTH/LUNAR POT F IELD WORKING F I L E  
UNIT-6OSK.SPACE-(42W,2),DC~-(DSORG-OA,BUFN-6B), 
DISP-(.PASS) 

OD DSN-6F4S. SCRATCH ORBIT FILE 

DO OSN-66F48. OBSERVATION SAVE 

/ /FT49F001 OD &GRAPH.UNIl-6DSK. 0. C. SUMMARY REPORT FOR SCOPE 
// OCB-(RECFM-FB.LRECL-8O,Bl,KSIZE-3200.BUFN-6Q), 
// SPACE=(TRK.( l . lO))  
//FTSOF001 DO DONAME-OOOSUM TRACUING DATA ACOUISITION SUMMARY 
/ /FTSIF001  OD DUMMY. TELETYPE ELEMENT4 REPORT 
// OCB-(RECFM-FBA.LRECL-8O,ElLKSIZE-8~.DEN-3,BUFNO-6B), 
// UNIT-ITAPE.LABEL-( .BLP) .ClISP-SHR 
/ /FTbZFbOl  OD OSN-66FSZ. DATA SIMULATION INPUT DOOS TAPE 
// DCB-(RECFM-MS.LRECL-104.ELKSIZE-1044.DEN-3.BUFNO-6B). 
// UNIT-6TAPE.LABEL=(.BLP).U~ISP-(.PASS). 
// SPACE-(TRK.(l. lO)) 
/ /FTS3F061 00 O m ,  CAIRS REPORT F I L E  
// OCB-(RECF~-FB.LRECL-8O,BlKSIZE-800~,UNIT-6OSK,OISP-S~ 
/ /FTS4F001 DO OSN-66FJ4. CMBYSHEV EPHEMERIS FOR POP-11 
// UNIT-6DSK.LABEL-(l.BLP). UNIT-TAPEDEN2 
// DCB-(RECFW-PE.LRECL-316.~LKSIZE-316.DEN-2.EUF~-6E~. 
// SPACE~(TRK. ( l . IO ) )  
//FTSSF001 DO 6GRAPH.UNIT=6UNIT QRAPCWICS DEVICE (2250) 
//* OCB -GNCP-S 
/ /FTS6F001 00 OSN-6QTPBRF. PARTIAL BATCH REOUEST F I L E  
// DISP-SHR 
/ /Ftb7FOOl DO OSN-6FS7, 
// UNIT-&OSK. 
// SPACE*(TRK.(lO.S)).DCB-EUFNO-6B 
/ /FTS8F001 OD OSN-6FS8. IONOSPHERE WORKING F I U  
// UNIT-6DSK. 
// SPACE-(1332.20).DCB-(DSORG-OA,BUFN-6B) 
//FTSSF001 DO DISP-SHR.OSN-6PRF..QTDS.SOLDAT.OATA.OC~-BUF~-6B 
/ /FT60F001 DO DISP-SHR.OSN-6PRF..GTDS.ACCOUNT.DATA.DCB-BUFNO-6B 

SCRATCH AREA FOR COMMON 

OSNOV87 11 .53 .06  - VOL*VFlSCl. 0SN~TCSXX.MAINT.NEWX.PROCLIB 
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DOC. NO. REV. NO. 
SD-85/6738 2 

05NoV67 11.53.06 - VOL=VFlSCI. QSN=TCSXX.MAINT.NEWX.PROCLIB 

//FtSlFOOl DO DSN-&FBl.UNIT=6OSK. RESIDUAL EDIT UORKING FILE 

//FTQ2FOOl 00 DUMUY.UNIT-&OSK. RESIDUAL PLOT DATA FILE (OAIO) 
// DCB=(RECFM-FB.LRECL=l~.BLKSIZE-3S20.DSORG=DA), 
// OISP=(,PASS),SPACE-(TRK.~IOO,5O).RLSE) 
//FT63F001 00 WMUV. P L I W  OIRECTDR’S REPORT . 
// DCB-(OSORQ-OA.BUFNO=&B) 
//rTS4FOOl 00 DSN-&&FS4. SDR EXTRACT FILE 
// DCB-(RECFU-WS.LRECL~l32.BLKSIZ~=3304.DEN-3.BUFNO=&B). 
//* ~ I T = ~ & T A P E , . O E F E R ~ . L A B E L - ~ l , . B L P ~ . D I S P - ~ , P A S S ~ ,  
// UNIT~6OSK.DISP~(.PASS).SPACE~~TRK.(l.lO)~, 
// ML-SER=&SOREXT 
//FTS5FOO1 DO OSN=&&FSS. IONOSPHERE WORKING FILE 
// UNIT~&OSK.01SP~(.PASS). 
// SPACE=(1176.S2),DCB~(OSORQ=OA,BUFNO=&E) 
//FTS6FOOl 00 DSN-MFQS. IONSPHERIC SAVE FILE 
// DCB-~RECFU-VBS.LRECL~l1M).BLKSItE-l164.EUFNO=&B). 
// SPACE-(TRI(.(3.1).RLSL).UNIT=~DSK 
//PTI7FOO1 00 DSN-&aF67. REAL TIME IONOSPHERC DATA 
// WIT~&0SK.SPACE-~1432.lSl~,OCB~~DSORG~DA,BUFNo-&E), 
// OISP-(.PASS) 
//FTSOFOOl DO OISP-SHR.OSN-&PRP..QtDS.TR#)AT.DATA.DCB-~UCN0-6B 
//WSSFOOl 00 6 O R A P W . M I T = ~ D S K . O I S P - S ~ ,  PROWPlrINQ 
// DSN=4RBIT.~TOS.PRDWPT.DATA.DCB-~DS0RG-OA.BUFNO-14) 
//FT7OFOOI W OUMly GRAPHICS CAR0 INPUT FILE 
//FTtlFOOl DO OUMUV PRE-QENERATEO INPUT ORBIT FILE RELAY 1 
//FT72FOO1 00 DUMm PRE-GENERATED INPUT ORBIT FILE RELAY 2 
//FT73FOOl DO DUMMY PIE-GENERATE0 INPUT ORBIT, FILE RELAY 3 
//FT74FOO1 00 &GRAPH.UNIT-&OSK. GRAPHICS INTERRUPT FlLE 
// DCS=(RECFM~fB.LRECL-22.BLKSIZE~22OO.BUFNO=&~), 
// SPACE=(TR(<.(l,l)).DSN=&GRNTR 

//FT7QFOOl DO OSN-&F76. GUAN W T W T  FILE 
// UNIT=&OSK. 
// SPACE-(TRn.(l.~OS).OISP-(,PASS), 
// OCB-(RECFM-MS.BLKSI2~=~764.LRECL=lSrO) 
//fT77F001 W OSN-6F77. EPHELl WR((1NQ FILE 
// UNIT-&OSK. 
// SPACL=(2M)O.3~0).DCB~(RECFM-f.BLKSIZE=2800,BUFNO-&B) 
//FT7lF001 00 OISP~SMI.DSN-&PRf..GTOS.SLPTW.DATl,.DCB-6UFNO-IB 
//FT79POOl 00 DSN-TCSXX.CSF.DATA.DISP-SHR FLIGHT SECTIONINQ FILE 
//FTllOFOOl 00 OUWm. TARGET SCRATCH ORBIT FILE 
// DCE-(RtCf~~FI.LRtCL~lO24.BLKSIZE=Ql44,BUF~-6B), 

/ / F T ~ F O O ~  DO DISP-SHR.DSN-&PRF. .oms. JACCHIA.DATA.DCE-EUFNO-IB 

// S P A C L - ( C Y ~ . ( ~ , ~ ~ ) . W I T - ~ S K ~  
//fTllFOOl 00 OSN-IfO1. 2 M  O W 1  OR EPHEW OUTPUT FILE 
// UNIT=&OSK, 
// SPACE=(TRK.( 1.10)).DC8-(RECFl)rVS.BLKSIZE-26OO.BUFNO=6B) 
//FtbtFOOl 00 DSN=6&C62. COMPARE SEO ORBIT FILE 2.  YITH PARTS 
// OCB=(RECFM~VS.LRECL=lO2I.BLKSIZE-S172.DEN~3.EUfNO=&B~. 
// UNIT-6lAPC,LAEEL-(.BLP).DISP=(.PASS). 
// SPACE-(TRK. ( 1.10)) 
//FTO3FOOl DO DSN=&RFB3. 3W ORB1 OR EPHEM OUTPUT FILE 
// UNIT-6OSK.OISP=(.PASS). 

OSNoV87 11.53.06 - VOL-VF1SCl. DSN=TCSXX.WAINT.NEYX.PROCLIB 
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DOC. NO. REV. NO. 
2 SD-85/6738 

e 

OSNOVB7 11.53.06 - VOL=VFISCI. DSN+TCSXX.MAINT.NEWX.PROCLIB 
// SPACE=(TRK.(l.lO)).DCB=(RECFM=VS.ELKSIZE=2808.BUFNO-(LE) 
//FT84F001 DO OSN=&&FB4. COMPARE SEO ORBIT FILE 2. W/O PARTS 
// OCB=(RECFM=VS.LRECL=lO2B,BLKSIZE=6l72.DEN=3,BUF~=&B~, 
// UNIT=6TAPE.LABEL=(.BLP),OISP=(,PASS). 
// 
//FTBSFOOl OD OSN-66FBS. 4TH ORB1 OR. EPHEM OUTPUT FILE 
// UNIT=6DSK.OISP*(.PASS). 
// SPACE=(TRK.(l.lO~~,OCB=~RECFWIVS.BLKSIZE=2BOB,BUF~=6B) 
//FT86F001 OD DSN-68F86. COMPARE IDA ORBIT FILE 2, WITH PARTS 
// UNIT=6OSK.OCB-~RECFM=F.BLKSI~E-lO24.DSORG=OA,EUFNO=bB~, 
// SPACE-(1024.1500),DISP~(,PASS) 
//FT87F001 W DSN-66FB7. STH ORB1 OR EPHEM OUTPUT FILE 
// UNIT~6OSK.DISP~(.PASS). 

SPACE=(TRK.(1.1O)).OCB=(RECF~=VS.BLKSIZE~2BOB.BUFNO~6B) 
//FT88F001 00 OSN-66F86. 
// UNIT=6OSK.OCB-(RECFM-F,BLKSIXE11024,OSORG=OA,BUF~-6B), 
// SPACE=( 1024,500) 
//FTSlFOOl 00 DSN-&6FSl. US8 OBSERVATIONS (60-BYTE) 
// UNIT-6OSK.DCB-(RECFM*VBS,LRECL=6*.BLKSIZE=6404.BUFN0=6B). 
// DISP=(.PASS).SPACE-(TRK.(1.10)) 
//Ft92F001 00 OSN=6F92. ERROR ANALYSIS SUMMARY FILE 
// WIT~6OSK.SPACE~(6220.(6.3)). 

OCB-(RECf*-VBS.LRECL-l4B.BLKSIZE=622O.BUFNO-IB) 
ERROR ANALYSIS YORKINO FILE //FT93F001 00 DSNdF93. 

// . WIT=6DSK.SPACE-(6220.(6.3)). 
// DCB*(RECFM-VBS.LRECL=148,BLKSIZE=6220.EUFNO-d~) 
//FT94FOr1 OD OSN-66F94. OPTICAL ASPECT DATA 
// DCB-(RECFM=VBS.LRECL=28.ELKStZE=564,OEN=3.BUFNO=6B). 
// UNIT=ITAPE.LABEL=(.BLP).DISPn(.PISS). 

//FTSSF001 DO DSN-6F95. 
// UNIT=6DSKl,SPACE=(CYL.(*.1)), 
// OCB-(RECFM=FB,.LRECL=l6O,BLKSltE1944O,EUF~=&B) 
//FT96F001 00 DSN-&OBM60. 60-BYTE D A T A  BASE 
// OCB-BUFN0=6B.OISP*SHR 
//FT97F001 DO DUMV. RELAV 1 !iCRATCH ORBIT FILE 
// OCB=~RECFM=FB.LRECt-lO24.BLK~I~E-6l44,BUF~*6B~, 
// SPACE=(CYL.(4.l)).WIl=6OSKl 
//FT98F001 DO OUMY. z RELAV 2 !ICRATCH ORBIT FILE 
// 0CB-~R€CFW=FB.LRECL=1024,BLK~12€=6144.BUFNO=6B~, 

SPACE=(TRK.(10,2)).UNIT=6DSKl // 
// O C B = ( R E C F M - F B . L R E C L - l O 2 4 , B L K ! ; I Z E = 6 l 4 4 . B = 6 B ) .  
// SPACE-(TRK.(lO.2)) .WIT=6OSK1 

// UNIT=6DSK.DISP-SW. 
// OCB-(RECFM-FB.LRECL*BO,BLKSItE.fZ00) 
//NUCLEUS DO OISP=SHR.VOL=REF=SYSl.SVCLIB~DCB-BUFN0=1 
//SYSUOUMP OD SYSOUT=IOUT.WfLIM-ZOOb 
//ERRDUMP 00 6GRAPH.SYSWT-6OUT 
/ /*  
// 

SPACE=( TRK. ( 1.10) ) 

COMPARE IDA ORBIT FILE 2. W/O PARTIALS 
// 

// 

SPACE=(TRK.(l.lO)) 
STATISTICAL OUTPUT REPORT FILE 

// 

RELAY 3 !ICRATCH ORBIT FILE //FTSSF001 DO DUMMY. 

//INPUTPOS OD OUMMV. CAT INPUT 
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DOC. NO. REV. NO. 
~ ~ - 8 5 1 6 7 3 8  2 

// 
/ / S T E P L I B  
/ /SYSL IB 
// 
// 
/ /  
/ /  
/ /  
// 
/ / SY SLMOO 
r /  
/ / S Y S P R I N T  
/ / S Y S U T I  
//SYSUOUMP 
/ / T A P E L I B  
/ / S Y S L I N  
/ /  
/ /GO EXEC 
/ / F T O  1 F 00 1 

/ /  

. .  
-.- 

/ / *  OOOOOO80 
/ /UCLEG PROC G R A P ~ ~ ' O U M M Y . ' . U N I T ~ ' 2 2 5 O - I ' . P R F ~ O R 8 ~ T .  00000025, 
/ /  B = S . G = 1 . O S K * 3 3 5 0 , D S K l = 3 3 5 0 .  00000030 

0oO000~0 / /  l A P E = T A P E O E N J .  
/ /  SOREXT=. 00066040  
/ /  O U T = ' * ' .  0 0 6 0 0 0 4  5 
/ /  SSAM='OR8IT.GTOS.SORSLI~.AM.FORf" 00000050 
/ /  SSNZ='ORBIT.GTOS.SORSLIB.NZ.FORT'. 00600060 
// HOOULE~'ORBIT.GTOS.LOAOMOO.LOA0'. 00000070 
/ /  OVRLY='OR8lT.GTOS.OVERLAY.OATA'. 00066080 
/ /  FORT='O'.SRC=SOURCE.XR=XREF.TRM-TERM.LC=7E, COMPILER OPTS 60000100 
/ /  . LST=NdLIST.MAP=NOMAP.OV=OVLY L I N K - € 0 1 1  OPTS 00000100 
/ /PUPAM EXEC PGM=PACKUPO.REGION=lBOK 0 0 0 0 0 1  10 
/ / S T E P L I 8  00 OISP=SHR.OSN=6PRF .PACK.LOAO 0 0 0 0 0 1 2 0  

/ / S Y S I N  00 OONAME=OATAM 0 0 0 0 0 1 4 0  
/ / P A C K I N  00 OSN=6SSAM.OISP=SHR 00000150 

/ / S Y S P R I N T  00 SYSOUT=60UT 0 0 0 0 0 1 3 0  

//SEQOUT 00 OSN=6SCR.UN11=60SK.SPACE=(TRK.(20.10)). 00000 160 
/ /  OC8=~RECFM-F6.LRECL=BO.8LKSIZE=61601.OISP=~mlO,PAS1j~ 00000 160 
/ / S U B R L I S T  00 SYSOUT=LaUT 00000170 
/ /PUPNZ EXEC PGM+PACKUPO.REGION-180(< 00000180  
/ / S T E P L I B  00 OISP~SHR.OSN~CPRF..PACK.LOAO 60000190 
/ / S Y S P R I N T  00 SYSOUT*6OUT 00000200 
/ / S Y S l N  00 OONAME=OATNZ 000002 10 
/ / P A C K I N  00 OSN=6SSNZ.O1SP=SHR 0 0 0 0 0 2 2 0  

/ / S U B R L l S T  00 SYSOUT=LOUT 0 0 0 0 0 2 4 0  

//SEOOUT DO D S N ~ 6 S C ~ . U N ~ 1 - 6 0 S K . s P r c e - ( r a w . ~ 2 0 . 1 0 ~ ~ .  00000160 
// OC8=~RECFM=F8.LRE~L=8O.BLKSIZE=6l6O).OISP~(MOO.PAS~~ 00000160 

//SOURCE EXEC PGM=FORTLFORT.PARM='~SRC.LXR.6TRM,OPTf 3 )  . L C ( 6 L C : l  . X L ' .  00000250 
/ /  REGION=6OOK 00000250  
/ / S Y S L I N  00 0SN=R6OBJWO0.UNI1=80SK.SPACE=(1RK.~10.10~~. 00000270 

00000280 // OISP*~MOO.PASS).DCB=(RECFM=F8.LRECL=80.BLKS1ZE=32001 
/ /SYSTERM 00 SYSOUT=6OUT oooo0290 
/ / S Y S P R I N T  00 SYSOUT=LOUT 00000300 
/ /SYSPUNCH 00 SYSOUT=Z oood03 10 
/ / S Y S U T I  00 UNIT=6OSK.SPACE=(lRK.(10.10)) 00000320 
/ / S Y S U T 2  00 U N I T = 6 O S K . S P A C E = ( T R K . (  ( 0 . 1 0 ) )  00000330 
/ / S y S U T 3  00 U N I T = O I S K . S P A C E = ( T R K . I  10.10)) 00000340 

//LINK EXEC PCLI=IEWL.PARM-'LET.LLST.6MAP.6OV.SlZE=(600K.S2K~'. 00000360 
/ / S Y S I N  00 OSN=CSCR.UNXT=6OSK.OISP=~OLO.OELE~E) 00666350 

CONO=(S .LT) .REGION-660K 00000370 
00 
00 
00 
00 
00 
00 
00 
00 
00 

DO 
DO 
00 
DO 
00 
00 

OSN=6~RF..HEWLLI8.OISP=SHR 
OSN=SYSO.LKEOL1B,OISP.SHR 
OSN=SYSO.LKEOLI8.OISP=SHR 
OSN=6MOOULE.OISP=SHR 
OSN=SYSZ.FORTLFORT.LI8.OlSP=SHR 
OSN-SYSI.LKEOL1B.OISP=S~R 
OSN~SYS3.LKEOLlB.OlSP=SHR 
OSN-SVSI.PLlFLIB.OISP=SHR 
OSN=66LOOM00(GTOSTEMP) .01SP=( .PASS) .  
S P A C E = ( T R K . ( 3 0 0 .  10. 1 ) . R L S E ) . U N I l = L O S K  
SYSOUT=60UT 
UNIT=LOSK.SPACE=(TRK.(300.30~) 
S Y  SOIJT=bOUT 
OUMMY.OC8=(RECFM=FB.LRECL=80.8LKSIZE=3200) 
OSN=86O8~MOO.OlSP=(OLO,OELETE).DCB=RECFM~F8 
OSN=&OVRLY.OISP=SHR 

00000380 
00000390 
0 0 0 0 0 4 0 0  
000004  10 
0 0 0 0 0 4 3 0  
00000440  
0 0 6 6 0 4 4 0  
-450 
00000460 
00000470 
00000480  
00000490  
00000500 
000005 fc3 
00000520  
00000530 

PGM=. LINK.SYSLMOO.CONO=( (5.Ll.SOURCE).EVEN).REGION:~lOOOK 00001180 
DO S V S O U T  * l O U T ,  00000 160 

OCB=~RECFM=FEA.LRECL=l33,ELKSIZE=19019.EUFNO=1~ 00000 1 GO 

Figure 5-2.  Listing of the Procedure: UCLEG ( l o f  5 )  
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DOC. NO. REV. NO. 
SD-85/6738 2 

/ / F T 0 2 F 0 0 1  00 O I S P ~ S H R . O S N ~ L P R F . . G T D S . A T M O S O E N . O A T A . O C B = B U F ? J O = ~ B  
/ / F T 0 3 F 0 0 1  00 OISP~SHR.OSN~~PRF..GTOS.MANEUVER.OATA.OCB~BUFNO=4B 
/ / F T O 4 F 6 0 1  00 O I S P ~ S H R . D S N ~ L P R F . . G T O S . A S T R O C O N . O A T A . O C B = B U F N O = ~ B  
/ /FTOSF001 00 OONAME=OATAS 
/ / F T 0 6 F 0 0 1  00 SYSOUT=&OUT. 
/ /  O C B ~ ~ R E C F M = F B A . L R E C L = I 3 3 . B L K S I Z E = l 9 ~ 0 1 9 . B U F N O ~ B ~  
/ / F T 0 7 F 0 0 1  OD DUMMY.OCB=(RECFM=FB.LRECL~6O.BLKSIZE=616O.BUFNO=~B) 
/ / F t O E F 0 0 1  00 O I S P ~ S H R , D S N ~ ~ P R F . . G T O S . E A R T H F L D . O A T A . D C B = B U F N O = ~ B  
/ /FTOSF001 DO OISP=SHR,DSN=~PRF..GTOS.LUNARFLO.OATA.DCB=BUFNO=~B 
/ / F T l O F O O l  00 OISP=SHR.DSN~bPRF..GTOS.INTCOEF.DATA.OCB=8UFNO=~B 
/ / F T I l F O O I  OD OISP=SHR.DSN=~PRF..GTOS.SECTIONS.OATA.OCB=BUFNO=~B 
/ / F T f Z F O O I  00 BGRAPH.UNIT4DSK.  TEMPORARY DATA FOR CRT INPUT MODE 
/ /  DCB=(RECFM*FB.LRECL=8O,BLKSIZE=3200,BUFNO=~G~. 
/ /  O I S P = ( N E W . D E L E T E ) . S P A C E = ~ T R K . ( 1 . 1 ) ) . O S N ~ ~ b I N P R O M O T  
/ / F T l J F O O l  DO OISP=SHR.DSN*bPRF..GTOS.ERRORMSG.OATA.OCB=BUFNO=1 
/ / F T 1 4 F 0 0 1  OD DISP=SUR.DSN=&PRF. .GTDS.SLP19SO.DATA.  
/ /  LABEL=(  . . .  IN).DCB=BUFNO=6B 
/ / F T I S F O O I  DO OONAME=OBSCARDS OBSERVATION CARDS 
/ /FT1.6F001 DO DSN=BFl6 .  OATA SIMULATION SUMMARV WORKING F I L E  
/ /  UNIT=6DSK,SPACE=( 124.~760.700)~.DCB=~OSORG=OA.BUFNO=~B~ 
/ / F t  17FOOl 00 OSN=IF 17, OBSERVATIONS WORKING F I L E  
/ /  U N I  T=(LOSK 1. 
/ /  OCB=(REtFY*FB.LRECL=l64.BLKStZE=6072.BUFNO=bB). 
// SpACE=(6072. (  1 0 0 . 4 0 ) )  
/ / F T l 8 F O O 1  DO OSN=(LFIE. SLP WORKING F I L E  
!/ UNIT=~DSK.SPACC=~2264,48~.DCE=~DSDRG~OA.BUFNO=~B~ 
/ / F T l S F O O l  OD OSN=&F19. D I S K  ORBIT F I L E  WITH PARTIALS 
/ /  OCB=(RECFM~F.BLKSIZE=lO24,DSDRG=OA.BUFNO=~B~. 
// UNIT=LDSK.SPACE=(i024.15~) 
/ / F T 2 0 F 0 0 1  OD DUMMY. D I S K  ORBIT F I L E  WITHOUT PARTIALS 
/ / U N I T = ~ O S K . D C B = ~ R E C F M t F . B L K S I Z E * l O 2 4 . D S O R G = O A . B U F N O = ~ B ~ ~  
/ /  SPACE=( 1 0 2 4 . 9 0 0 )  , 
/ / F T 2 1 F 0 0 1  OD DUMMY. TAPE ORBIT F I L E  WITH PARTIALS 
/ /  DCB=(RECFM*VS.LRECL= 1028.BLKSIZE=6172.OENI3 .BUFNOI&B~,  
/ /  UNIT=LTAPE.LABEL=(.BLP).OISP*SHR 
/ / F T 2 2 F 0 0 1  OD DUMMY. TAPE ORBIT F I L E  WITHOUT PARTIALS 
/ /  OCB=(RECFM=VS.LRECL=lO26.BLKSIZE=6172.OEN=3.BUFNO=~8~, 
/ /  UNIT=~TAPE.LABEL=(,BLP),O[SPISP=SHR 
/ / F T 2 3 F 0 0 i  OD &GRAPH.UNIT=&DSK. ERROR MESSAGES FOR SCOPE 
/ /  OCB*(RECFM=FB.LRECL=~O.BLKSIZE*32OO.BUFNO=~G). 
// SPACE = (  TRK. ( I. io)  1 
/ / F T 2 4 F O O l  OD DSN=bF24.  1ST ORB1 OR EPHEM OUTPUT F I L E  
/ / UNIT=&DSK. 
/ /  DCB=(RECFM*VS.BLKSIZE=2B08.BUFNO=bB). 
// ' S P A C E = ( T R K . ( ~ .  i o ) )  
/ /FT25FOOl  DO DISP-SHR.DSN=~PRF..GTDS.ELEMENTS.DATA.DCB=BUFNO=46 
/ / F T 2 6 F 0 0 1  OD DISP=SHR.DSN*LPRF .GTDS.D24HOUR.DATA.OCB=BUFNO=bB 
/ /FT2fFCQl OD DISP=SHR.DSN=6PRF..G~DS.GEODTICS.DATA.DCB=BUFNO=6B 
/ /FTZBFOOi OD &GRAPH.UNIT*LOSK. SATELLITE EPHEMERIS TO SCOPE 
/ /  DCB=(RECFM=FB.LRECL=80.BLKSIZE=3200.BUFNO~IG). 
// S P A C E = ( f R K . ( l . l O ) )  
/ /FT29FOOl  DO OUMMY. GTDS OBSERVATION TAPE F I L E  
/ /  0CB=~RECFM=VES.LRECL~7204,~LKSIZE=7208.0EN=3.BUFN0~~B~, 
/ /  UNIT=ATAPE.LABEL=(.BLP).OISP=SUR 
/ /FTJOFOOl  00 DUMMY. ODDS OBSERVATION TAPE 
/ /  OCB=~RECFM=VBS.LRECL~lO4,BLKSIZE=lO44,OEN=3.BUFNO=~B~. 
// U N I T = L T A P E . L A B E L = ( . B L P ) . D I S P = S U R  
/ / F T 3 1 F 0 0 1  00 DUMMY. GTOS OBSERVATION D I S K  F I L E  
/ /  U N I  T=IOSK ;DI SP=SHR 
/ / F T 3 2 F 0 0 1  00 OUMMV.OISP=SHR 60-8VTE PARTIAL BATCH F I L E  
/ / F T 3 3 F 0 0 1  00 DUMMY. SLP TAPE 
/ /  ~ O C B = ( R E C F M = V S . B L K S I Z E . J 0 6 0 . D E N ~ 3 , B U F N O ~ ~ B ) .  

ooooo 1 2 0  
OoooO 1 3 0  
00000140 
0 0 0 0 0 1 5 0  
0 0 0 0 0 1 6 0  
0 0 0 0 0 1 6 0  ~ 

00000180 
0 0 0 0 0 1 9 0  
00000200 
000002 1 0  
00000220 
0 0 0 0 0 2 3 0  
0 0 0 0 0 2 4 0  
0 0 0 0 0 2 5 0  
0 0 0 0 0 2 6 0  
0 0 0 0 0 2 7 0  
00000200 
0 0 0 0 0 2 9 0  
0 0 0 0 0 3 0 0  
000003 1 0  
00000320 
00000330 
00000330 
0 0 0 0 0 3 4 0  
00000350 
00000360 
00000370 
00000380 
00000390 

000004 1 0  
0 0 0 0 0 4 2 0  . 
0 0 0 0 0 4  30 
0 0 0 0 0 4 4 0  
0 0 0 0 0 4 5 0  
0 0 6 0 0 4 6 0  
000004 7 0  
0 0 0 0 0 4 0 0  
0 0 0 0 0 4 9 0  
00000500 
000005 10 
0 0 0 0 0 5 2 0  
00000530 
0 0 0 0 0 5 4 0  
0 0 0 0 0 5 4 5  
5 3 0 0 0 5 5 0  
00000560 
000005 7 0  
00000500 
00000590 
00000660 
000006 10 
0 0 0 0 0 6 2 0  
000006 30 
0 0 0 0 0 6 4 0  
00000650 
00000660 
0 0 0 0 0 6 7 0  
-680 
0 0 0 0 0 6 7 0  
000006 90 
00OOO 7 00 

oooo0400 
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DOC. NO. REV. NO. 
SD-85/6738 2 

/ /  UNIT=6TAP€.LABEL=(.BLP).OISP=SHR 000007 10 
//FT34FOO1 00 OUMMY. JPL TAPE 00000720 
/ /  OCB=(RECFM=VBS.LRECL=8304.BLKSIZE=8308.DEN=3.BIJFNO=6B). 00000730 
/ /  UNIT=6TAPE.LABEL=(.BLP..IN).OISP=SHR 00000740 
//FT3SFOOl 00 6GRAPH.UNIT=LOSK. INTEGRATION STATISTICS FOR SCOPE 00000750 
// OCB=(RECFM=FB.LRECL=80.BLKSIZE+JZOO.BUFNO=6G). 00000m 
// 
//FT36FOOl 00 
// 
// 
//FT37FOOl 00 
// ’ 

/ /  
/ /  
//FTJbFOOl 00 
//FT39FOO1 00 
//FT4OFOO1 00 
//FT41FOOl 00 
// 
// 
//FT42FOOl 00 
// 
// 
//FT43FOO1 00 
/ /  
// 
//FT44FOOl 00 
/ /  
/ /  
//FTdSFOOl 00 
/ /  
/ /  
// 
//FT46FCQ1 00 
/ /  ’ 

/ /  
//FT47FOOl 00 
//FT48FOOl 00 
// 
//FT49FOO1 00 
/ /  
/ /  
//FTSOFOOl 00 
//FTSlFOOl 00 
/ I .  
/ /  
//FTSZF001 00 
// 
/ /  
//FtS3FOOl 00 
/ /  
//FTS4FOOl 00 
// 
/ /  
//FTSSFOOl 00 
//FTSBFOOl 00 
//FTS7FOOl 00 
// 
/ /  
//FTS8FOOl 00 
/ /  
/ /  

Figure 

SPACE.(TRK.(l.lO)) 
6GRAPH.UNIT=6OSK. FINAL ORBIT GENERATOR OISP1.AY FOR SCO 
OC6=(RECFM=FB.LRECL=BO.BLKSIZE=32OO.BUFN0=6G). 
SPACE=(TRK.( 1.10)) 
OSN=dF37, OBSERVATIONS SORT F I L E  
UNIT=dOSK. 
OCB=(RECFM-VBS,LRECL=l88.BLKSIZE~62OS.BUFNO=6B). 
SPACE=( TRK . ( 20.10) 1 
OISP=SHR.OSN=IPRF .CTOS.TIMCOF.OATA.OCB=BUFNO=6B 
OISP=SHR.OSN=bPRF..GTOS.GENCOF.OATA.OCB=BUFNO=6B 
DUMMY PERMANENT F I L E S  TO SCOPE 
OSN=6F4 1.  TEMPORARY STARTER ARRAYS 
UNI T=6OSK. SPACE=( TRK . ( 1.10 1 1. 
OC6=(RECFM=VBS.LRECL=l452.BLKSIZE=1456.BUFNO=6B~ 
LGRAPt4.UNIT-6OSK. OBSERVATION RESIDUALS FOR SCOPE 
OCB=(RECFM=FB.LRECL=8O.BLKSIZE=32OO.BUFNO=6G). 
SPACE*(TRK. ( 1.10) ) 
6GRAPH.UNIT=LOSK. SOLVE PARAMETERS FOR SCOPE 
OCB=(RECFM*FB.LREC~=80.8LKStZE=32CQ.BUFNO=~G). 
SPACE=(TRK. ( 1. I O )  1 
LGRAPC(.UNIT=60SK. ELEMENTS FOR SCOPE 
O C B = ( R E C F M ~ F B . L R E C L = 8 O . ~ L K S I Z E = 3 2 W . ~ U F N O - 6 G ~ .  
SPACE=(TRK. ( 1.10)) 
DSN=6F4S. , SCRATCH O R B I T  .FILE 
UNtT=60SK, 
O C B = ( R E C F M = V S . L R E C ~ = t O 2 ~ . B L K S I Z E = ~ l 7 2 . B U F N O = ~ B ~ .  
SPACE=(TRK.(200.20)) 
DUMMY. OBSERVATION SAVE 
O C B = ( R E C F M = V B S . L R E C L = 7 2 0 4 , B L K S I Z E = 7 2 0 8 , D E N = 3 . B U ~ N O = 6 B ~ .  
U N X T = 6 T A P E . L A B E L = ( . B L P ) . O I S H R  
OUMMY URC PUNCH FILE 
OUMYY, EARTH/LUNAR POT FIELO WORKING F t L E  
UNIT=60SK.SPACE=~42OO0.2~,OCB-~OSORG=OA.BUFNO=6B~ 
bGRAPH.UNIT=LOSK. 0. C. SUMMARY REPORT FOR SCCWE 
OCB=(RECFM*FB.LRECL=(JO.BLKSIZE=32OO.8UFNO=6G). 
SPACE=(TRK.( 1.10)) 
OONAME *OOOSUM TRACKING DATA ACOUISITION SLIMMARY 
DUMMY. TELETYPE ELEMENTS REPORT 
OC6*(RECFM=FBA.LRECL=8O.BLKSIZE=8OO.OEN~3.BUFNO=SB~, 
UNIT=ITAPE .LABEL=( .BLP) .DISP=SWR 
OUMWY. DATA SIMULATION INPUT 0005 TAPE 
OCB=~RECFM=VBS.LRECL=lO4,BLKSIZE=lO44.OEN=3.BUFNO=6B~. 
UNIT=LTAPE.LIBEL=(.BLP).DISP*SHR 
ouwv , CAIRS REPORT FILE 
OCB=(RECFM-FB.LRECL*8O.BLKSIZE=8OO).UNIT=IOSK,OISP=SHR 
DUMMY. CHEBYSHEV EPHEMERIS FOR POP-11 
UNIT=TAPEOEN2.LABEL=( 1.BLP). 
OCB~(RECFM~FB.LRECL~316.BLKSIZE~316.OEN~2.BUFNO=~B~) 
LGRAPH.UNIT=6UNIT GRAPHICS DEVICE (2250) 
OUMMV.OISP=SHR PARTIAL BATCH REOUEST F I L E  
OSN4FS7. SCRATCH A R E A  FOR COMMON 
UNITaOOSK. 
SPACE=(TRK.(5.2)) .OCB=BUFNO=bB 
OSN=BFSB, IONOSPHERE WORKING F I L E  
UNIT=&OSK. 
SPACE*(1332.20).DC~*(OSORG*OA.8UFNO=68) 

00000770 
IP00000780 

000007 90 
00000800 
000008 10 
0000081 1 
00000820 
00060830 
00000840 . 
000008S0 
00000860 
00000870 
00000880 
00000890 
00000900 
000009 10 
00000920 
00000930 
00000940 
00000950 
00000960 
00000970 
00060980 
00000990 
ooooo99 1 
00001000 
oooal0l0 
oood1020 
oooO1030 
0000 1040 
0000 1050 
oooO 1060 
00001070 
00001080 
00001090 
oooO1 loo 
oooO1110 
00001 120 
oooOt 130 
oooO1140 
00001150 
00001 160 
oooO1170 
oocmtiao - 
ooOolt90 
oooo1200 
oooO12 10 
oooo1220 
00001230 
oooo1200 
00001240 
oooO1250 
m 1 2 c i o  
oood1270 
oooO1271 
oooo1280 
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DOC. NO. REV. NO. 
SD-85/6738 2 

/ / F T 5 9 F 0 0 1  OD DISP=SHR.DSN=BPRF. GTDS.SOLDAT.DATA.DCE=EUFNO*~B 
/ / F T 6 0 F 0 0 1  DO DISP*SHR.DSN=LPRF. GTDS.ACCOUNT.DATA.OCB=EUFNO=&B 
/ / F T 6 1 F 0 0 1  OD DSN=&F61.UNIT=&DSK. RESIDUAL ED1:T WORKING F I L E  
/ /  O C B = ( R E C F M = V E S . L R E C L * S 6 4 . E L K S I Z E = 6 : ~ 0 8 . B U F N O = & E ~ .  
/ /  S P A C E = f T R K . ( 2 0 0 . 1 0 ) )  
I I FTS2F001 OD DUMMY. UNIT-DISK. RESIDUAL PLOT DATA FILE (DAIO) 
I 1  
I t  DISP-(.PASS).SPACb(TRK. ~lOO,SO).FuSO 

DCB-( RECFM-FB. LRECL-1 SO. B L K S I Z b 3 5 2 0 .  DSOIIODA), 

/ / F T 6 3 F 0 0 1  OD 
/ /  
/ / F T 6 4 F O Q l  OD 
// 
/ /  
/ /  

/ /  
/ /  
/ / F T 6 6 F 0 0 1  DO 
/ /  
// 
/ / F T 6 7 F 0 0 1  OD 
/ /  
/ / F T 6 8 F 0 0 1  DO 
/ / F T 6 9 F 0 0 1  DO 
// 
/ / F T 7 0 F 0 0 1  OD 

. / /FT71FOO1 DO 
/ /FT72FOO1 00 
/ / F T 7 3 F O O l  OD 
/ / F T 7 4 F 0 0 1  00 
// 

' ' / /  
/ / F T 7 5 F 0 0 1  DO 
/ / F T 7 7 F 0 0 1  DO 
// 
/ /  

/ / F T 6 5 F 6 0 1  DO 

- 
DUMMY. FLIGHT .o I RECTOR, s REPORT 
OCB=(DSORG=OA.BUFNO=bB) 
DUMW . SOR EXTRACT F I L E  
O C B = ~ R E C F M + V B S . L R E C L * 1 3 2 . E L K S I Z E = 3 3 O 4 . O E N = 3 . E U F N O = ~ B ~ ,  
U N I T = ( T A P E . . O E F E R ) . L A E E L = (  l . E L P ) . D I S P = ( . P A S S ) .  
VOL=SER=&SOREXT 
OSN=&F65. IONOSPHERE VORKING F I L E  
U N I T  =&OSK, 
SPACE*~ll76.62~.OCB*~OSORG=OA,BUFNO=&E~ 
DUMMY. IONSPHERIC SAVE F I L E  
O C B = ~ R E C F M ~ V B S . L R E C L ~ 1 1 ~ O . B L K S I Z E = 1 l 8 4 . B U F N O = & B ~ .  
SPACE=(TRK.(3.1).RLSE).UNIT=&OSK 
DUMMY. REAL TIME IONOSPHERE DATA 
UNIT=&OSK.SPACE=~l432.1S1).OCB=~OSORG=OA.EUFNO=&B~ 
OISP=SHR.OSN=&PRF..GTOS.TROOAT.OATA.DCB=EUFNO=&E 
&GRAPH.UNIT=6OSK.DISP=SHR. PROMPT I NG 
OSN=&PRF..GTOS.PROMPT.OATA.OCB=(OSORG=OA.BUFNO=14) 
DUMMY GRAPHICS CARD INPUT F I L E  
DUMMY PRE-GENERATED INPUT ORBIT F I L E  RELAY 1 
DUMMY PRE-GENERATED INPUT ORBIT F I L E  RELAY 2 
DUMMY PRE-GENERATED INPUT ORBIT F I L E  RELAY 3 
&CRAPH.UNIT=6OSK. GRAPHICS INTERRUPT F I L E  
OCB*(RECFM=FB.LRECL=22.BLKSIZE+oo).  
SPACE=(44.(2oOo.400)).DSN=&&GRNTR 
OISP=SHR.OSN~&PRF..GTDS.J4CCHIA.OATA.DCB=BUFNO=&E 
DSNshF77.  EPHEY WORKING F I L E  
UNIT=&OSK. 

0000 1290 
oo00 1 3 0 0  
0 0 0 0 1 3 1 0  
0 0 0 0 1 3 2 0  
0000 1 3 3 0  

00001340 
00001340 
oood 1 3 5 0  
0000 I 3 6 0  
0 0 0 0 1 3 7 0  
0000 1 3 8 0  
0000 1 3 9 0  
oooO1391 
0 0 0 0 1 4 0 0  
0 0 0 0 1 4 2 0  
00001430 
00001440 
o o o O 1 4 5 0  
0 0 0 0 1 4 6 0  
0 0 0 0 1 4 7 0  
00001480 
00001490 
oooo15cQ 
0 0 0 0 1 5  10 
0 0 0 0 1 5 2 0  
0000 1 5 3 0  
0000 1 5 4 0  
o o o O 1 5 5 0  
d o 0 0 1 5 6 0  
00001570 
0000 1 5 8 0  
0000 1590 
0 0 0 0 1 6 0 0  

/ / F T 8 0 F 0 0 1  OD 
// 
/ /  

/ /  
/ /  
/ / F T 8 2 F 0 0 1  DO 
// 
/ /  
/ /FT03FOO1 00 
/ /  
// 
/ / F T 8 4 F 0 0 1  00 
/ /  
/ /  
/ /FTSSFOOl DO 
/ /  
// 
/ / F T 8 6 F 0 0 1  DO 
/ /  
/ /  

/ /  
/ /  
' / F T 8 8 F 0 0 1  OD 
/ /  
/ /  
/ / F T S l F O O l  00 

/ / F T 8 1 F 0 0 1  00 

/ / F T 8 7 F 0 6 1  DO 

Figure 

DUMMY. TARGET SCRATCH ORBIT  F I L E  
O C B * ( R E C F M ~ F B . L R E C L ~ 1 0 2 4 . B L K S I Z E ~ 6 1 ~ 4 4 . B U F N O * & B ) .  
SPACE=(TRK.(I~~.~O)).UNIT~&DSK~ 
DSN*&F8 1 ,  2ND ORBI OR EPHEW OUTPUT F I L E  
UNIT=&OSK. 
SPACE~~TRK.~1.10~~.0CB=~RECFM=VS.BLI<SIZE~2808.EUFNO=&5~ 
DUMMY. COMPARE SEO ORBIT F I L E  2. WITH PARTS 
OCB=(RECFM=VS.LRECL=l028.BLKSIZE=61'72.DEN=3.BUFNO=&B~. 
UNIT*&TAPE.LABEL*(.ELP).OISP=SHR 
OSN=&F83. 3RO ORB1 OR EPHIEM OUTPUT F I L E  
UNIT*&OSK. 
SPACE=(TRK.(1.1O)).DCB=~RECFM=VS,BLKSIZE=2808,BUFNO=&E~ 
DUMMY. COMPARE SEO ORBIT F I L E  2 .  W/O PARTS 
O C B = ~ R E C F M - V S . L R E C L = 1 0 2 8 . B L K S I Z E * 6 1 ' 7 2 . D E N * 3 . E U F N O * & B ~ .  
U N I T = & T A P E . L A B E L = ( . B L P ) . D I S P * S H R  
DSN*&F85,  4TH ORBI OR EPHEM OUTPUT F I L E  
U N I  T =&DSK . 
SPACE*(TRK.(  1.1Of).DCE=(RECFM=VS.ELKSIZE=2808.BUFNO=~B) 

U N I ~ = & D S K . O C B = f R E C F M = F . B L K S I Z E = l O 2 4 , D S O R G = O A . B U F N O = ~ E ~ .  
SPACE=( 1024.  1500) 

UNIT=&OSK. 
SPACE=(TRK.(1.10)).OCB*~RECFM=VS,EL1<SIZE=2808.BUFNO=BB~ 
DUMMY. COMPARE OA O R B I T  F I L E  2. W/O PARTIALS 
U N I T = ~ O S K . O C E = ( R E C F M ~ F . B 1 . K S I Z E = 1 0 2 4 . O S O R C = D A . E U F N O = & B ~ .  
SPACE * ( 1024.500 
OUMMY . USE OBSERVATIONS ( B O - B V T E I  

DUMMY. COMPARE DA ORBIT F I L E  2. WITH PARTS 

OSN=&F87. 5TH ORE1 OR EPHEM OUTPUT F I L E  

0 0 0 0 1 6 2 0  
0 0 0 0 1 6 3 0  
0 0 0 0 1 6 4 0  
0 0 0 0 1 6 5 0  
0 0 0 0 1 6 6 0  
d o 0 0 1 6 7 0  
0 0 0 0 1 6 8 0  
00001690 
0 0 0 0 1 7 0 0  
oooO17 1 0  
0 0 0 0 1 7 2 0  
0000 1 7 3 0  
60061740 
OOOO 1750 
o o o O 1 7 6 0  
0 0 0 0 1 7 7 0  
0000 1 7 8 0  
oooOt790 
oooO1800 
o o o o 1 8  10 
0 0 0 0 1 8 2 0  
o o o O 1 8 3 0  
0 0 0 0 1 8 4 0  
oooO1850 
0000 1860 
0000 1 8 7 0  
0000 1 8 8 0  
0 0 0 0 ~ 8 9 0  
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DOC. NO. REV. NO. 
S D - 8 5 / 6 7 3 8  2 

/ /  UNIT=6OSK.OCB=(RECFM=VES.LRECL=64.ELKSIZE=64~.OUFNO=&E). 
/ /  OISP=(OLO.OELETE) 
//FT92FOO1 00 DSN=&F92. ERROR ANALYSIS SUMMARY F I L E  
/ /  UNIf=6OSK.SPACE=(6220.(6.3)). 
/ /  OCB=(RECFM=VBS.LRECL=l4O.ELKSIZE=6220,BUFNO=6B) 
//FT93F001 00 OSN=bF93. ERROR ANALYSIS WORKING FILE 
/ /  UNI~=60SK.SPACE=(6220.(6.3)). 
// OC8=(RECFM=VBS.LRECL=l4O.ELKSIZE=6220.8UFN0=68) 
//Ff94F001 00 OUMMV. OPTICAL ASPECT OATA 
/ /  OCE*~RECFM=VES.LRECL=2~.BLKSIZE=S64.OEN=3.EUFNO~~~E), 
/ /  UNIT=6TAPE.LAEEL=~.ELP).OISP=SHR 
//FT95FCQ1 00 OSN=AFSS. STATISTICAL OUTPUT REPORT F I L E  
/ /  UNIT=&OSKl.SPACE=(TRK.(lOO,20)). 
/ /  OCE=(RECFM=FE.LRECL=l~O.BLKSIZE=944O.EUFNO=&B~ 
//FT96FWl 00 OSN=6PRF..OBM60.OATA. 60-BYTE OATA EASE 
/ /  OCB=EUFNO=68.OISP=SHR 
//FT97Fb01 00 OUMMV. RELAY 1 SCRATCH ORBIT F I L E  
// OCB=(RECFM=FB.LRECL=lO24.BLKSIZE=Sl~4,EUFNO=&E~. 
/ /  SPACE=(TRK.( 110,10)).UNIT=60SKl 
//FT9OfOOl 00 DUMMY. RELAY 2 SCRATCH ORBIT F I L E  
// OCB=(RECFM=FB.LRECL=1024.BLKSI2E=6144.EUF~=6B). 
// S P A C E = ( T R K , ( l O . 2 ) ) . U N l T I L D S K l  
//FT99FOO1 00 DUMMY. RELAY 3 SCRATCH ORBIT  F I L E  
// OC8=(RECFM=FB.LRECL=lO24.8LKSIZE=6144.BUFNO=68). 
// 
//INPVTPDS DO o v m w .  
/ /  UNIT*6OSK,OISP=SHR. 
/ /  OCR+(RECFM=FB.LRECL=OO.BLKSIZE=72W) 
//NUCLEUS 00 OISP=SHR.VOL=REF=SYSl.SVCLIB.OCB=~UFNO=l 
//SYSUOUMP 00 SYSOUT.0 
//ERROUMP 00 6 G R A P H . S Y S O U T = 6 O U T . S P A C E ~ ( C Y L . ( O . 4 ) )  
/ /  

SPACE=(TRK.(IO.2)).UNXT=6OSKl 
CRT INPUT 

00001900 
00001910 
00001920 
oooO1930 
oooO1940 
00001950 
00001930 
00001970 
00001980 
oooOl990 
oooOZo00 
00062010 
00002020 
00002030 
000020~0 
00002040 
00002050 
00002060 
oooO2070 
00002080 
00002090 
00002 100 
00002 110 
00002 120 
oooO2 130 
oooO2 1 4 0  
00062 150 
00002 $60 
oooO2 170 
m o z  18Q 
00002 190 

- -  . ----- .- --- ~ _. ?-.--A - - - . _ _  - -_ 
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DOC. NO. REV. NO. 
SD-85/6738 2 -  

. 

//.........~........~....~......*....~O...***.*.....*O..**~~**.O. 

/ /UGlOSWO PPOC PRf-ORBIT,MIT='*'. 
// I*)OULE-'ZECOP.GTOS30.LOADlO23', 
// G R A P H ~ ' D U ~ Y . ' . U N I T ~ ' 2 2 H ) ~ - 1 ' .  
// DSK=SYSOA.OSKl-SYSOA. 
// TAPE=SYSOA. 
/ /  8=2 .0=2 ,  
// GTDPEC=MLLFILE. 
// GTPERF=MLLFILE. 
// SOREXI=, 
/ /* OVRLY='TCSXX.GTOSREL3.OVERLAY.OATA', 
// OVRLY=01CSXX.ZE2CR.0VERLAYl.0ATA'.  
// W Y ( W S = 0 T C S X X . M A I N ~ . G 2 0 J C . I ~ ~ '  
//I- EXEC PGU-CHECK 
//STEPLIE DO OSN=TCSXX.MAINl.CHECK.LOAD.lJISP=SHR 
//FTOSCOOl 00 DDNlW=OATAS 
//FTOSF001 W SYSOUT-. 
/ /FTlOF001 W OSN=~~S.~IT-~OSK.OISP*~.PASS). 
// SPACE=(TR((.(30.30).RLSE).OCE=(RECFM-FE.LRECL*(IO.BLKSIZE=3200) 
//wooUW EXEC POY=PANrl.REaION-4OOK.C0)9-(4.LT) 
//SYSPWCH 00 Wrrr 
//SYSPRINT 00 SYSOUT=* 
//SYSIN OD OSN*~#OS.DISP=(OLO.OELETE) 
//PAN001 Do OSN=ZBCDP.~TDSJO.PANSORCE.OISP*SM 
//PAH)o2 W OSN=6SCR.U)JIT=6DSK.SPICE-~CYL.(20.S).RLSE~. 
/ /  OISP=~#O.PASSI.DCE~~RECFM=FI.LRECL~~.ELKSIZE=6160t 
//SOURCE EXEC PGU=FORtVS.PARM='OPT~3).XIIEF.MAP.NQSDVIIP.LC~7E~'. 
// RE~XON-24da( .COM=(I .LT)  
//STEPLIB DD O I S P = ~ . O S N = S Y S 2 . C O R T V S . ~ K w m ) l  
/ /SYSIN Do OSN=6SCR.OISP=~OLD.OELETE:l 
//svsrmtx Do SYSOUT-= 
//SYSLIN W O S ~ ) r U ~ J Y O 0 . S P A C L = ( C Y L . ( 2 0 0 . ~ ~ . R L S E ~ . U N 1 T = 6 0 S K .  
// OISP=~~.PASS~.O~=~RECFI)=CE.LRECL=EO.BLKSIZE*32~~ 
//SYSPRINT Do SYSOVT-* 
/ / S Y S W  W SYSWT-D.OC~~~DLKSIZE=200C~.LRECL=EO.RECFM-FE~ 
/ /SYSTEM Do fYSWT=*  
/JSYtuTl 00 UWIT-V10.SPACE=(TRKK.150).DCE=ELKSIZE=346S 
//SYSUT2 W WIT=VIO.SPACE=(TR((.150) 
//srsvwwP 00 sYswT=o 
//LIH< EXEC PUI=IEUL.PARY='LET.OVLY.MAP.l.IST,SIZE-~600K.l~~~. 
/ /  COND=(4.LT).REOION=24ODK 
//LOADLIE OD 
//NEULIN DO 
//SYSLIB 00 
// w ~~ 

ii DO 
OD 
00 

// 
// 
// W 
// W 
// Do 
// 00 
//- 

D u v i Y  
O U l Y Y  
OSN-SYSO.LKEOLII.DISP=SHR 
OSN-SYSO.LKEOLIB.OISP=SHR 
OSN-ZICOP.COWEL3.NCAL4.LOAO.OISP-StM 
OSN-TCSXX.COYREL3.NCAL.LOAO.D1SP=SHR 
D S N - 6 W L E . D I S P - S t M  
oSN=sYs2.VL~IIL1I.R04m)l.oISlP*SHR 
OSE(rSYS2.VFORTLIB.R04*01 .Ok¶tP*SW 
OSW-SYSP.LKEOLIII.OISP=SHR 
OSN-SYS~.LKEOLII,OISP=SM 

/ /* THESE TWO OATASETS NEEDED FOR A SCRITCH EUILD 

// W OSN=ZBCOP.~tDSQSP.LOAO.OISP-JHR 
// Do DSN=SYS4.QSFCLII,OISP=WR 
//SYSLMW W O S N - ~ L O A ~ ~ O T O S ) . D I S P = ( . P A S S ~ . U N I T ~ 1 O S K .  
// SPAC€=(TRK.(320..1)) 
//SYSPRINT 00 SYSWT-*  
//SYSUTl 00 UNIT*SY~A.SPACE*(CYL. (O .4 ) .RLSE)  
//TAPELIE 00 W W Y . O C E = ( R E C F M = F B . L R E C L = ( I O I . B L K S I Z E - ~ ~ ~ ~ )  
k / S Y  SLIN DO OSN=68OBJ#O .OISP=( OLD. DELETE ),OCB=RECFM=FE 
// 00 OSN=6OVRLY,OISP=SHR 
/ / G O  EXEC PW=..LI~.S~SL~,CaM=(4.Ll).RE~lON=2oaoK 
//FTOOFOOl 00 O U M Y  

/ /* 

149 

Figure  5 - 5 .  JCL Procedure f o r  Modifying VSFORTRAN Version 
of GTDS (1 of 5 )  

5-51 



DOC. NO. REV. NO. 
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//FTOlFOOl 00 
//FTOZFOOl 00 
//FlO3FOOl 00 
//FTMFOOI 00 
//FTOSFOOI 00 
//* FOR COY 
//FTOSFOOI 00 
//FTOlFOOl 00 
//FT~Fool 00 
//FTOSFWl W 
//FTlOCOOI 00 
//FTIlFOOl 00 
//FTlZF001 W 
// 
// 
//FT13F001 00 
//FT l4F00I W 
// 
//FTlSFOOI W 
//Ptl6F001 00 
// 
//FTIlFOOl 00 
// 
// 
// 
//Ftl8f001 W 
// 
//FTlSFOOI W 
// 
// 
//FTZOFa>l 00 
// 
// 
//FTZIFOOl 00 
/ /  
// 
// 
//FTZZfOOI 00 
// 
/ /  
// 
//FTZ3FOOI W 
// 
// 
//FTZ4F001 W 
// 
// 
// 
//CTZSF001 00 
//FTZ6F001 W 
//FTZlFOOl W 
//FTZ8FOOI Do 
// 
// 
//FTzsrool 00 
// 
// 
//FTJOCOOl 06 
// 
// 
//F131FOO1 W 
// 
/ /  
// 
//CTJZFOOI 00 
/ /  

SYSOUT=6WT.OCB=~RECFM=FBA.LRECL=l33.ELKSI2E*133) 
O1SP=SHR.OSN=6PRF..GT0S.AlYOSOEN.UAfA,OC~=8UFNO-6B 
OISP=SW.OSN=6PRF..GTOS.YANEUVER.0ATA,OCB=BUFNO-6B 
OISP=SMI.OSN=6PRF..GTOS.ASTROCON.OATA.OCB=BUFN(I=68 
OONAYE=OATAI 
STEP CHOOSE BLKSIZE=6111 
SYSWT=bWT.OCB=~RECFM-FBA.LRECL=133.8LWSIZE=133~ 
SVSWT=bWT.OCB=~RECFM-CB.LRECL=80.8LKSIZE=616~ 
OISP=SHI),OSN-6PIF..OTOS.EARTH~LO.OATA.OC1=EUF~*6B 
OISP=SC(R.OSN-6PRF..O~S.LUNARFLO.OATA.OCB=EUFM=6B 
OISP=SHII.OSN=6PRF..OTDS.IHTCOLF.OATA.OCE=EUFM=6B 
01SP=SHI ) .OSN-~PRF. .OTOS.SECTI~ .OATA.~B=EUFN( I=6E 
bGRAPH.UNXT=6OSK. TEMPORARY OATA FOR CRT INPUT MODE 
OCB-~RECFM-FB.LRECL=~.ELKSIZE=3200.EU~NO=6O~. 
01SP-~NtY.OELETE~.SPACE=(TRK.~l.l)~.DSN=~6INPROYPT 
O I S P - ~ . O S N - T C S X X . O ~ S . E R ~ R ~ O . O A T A . O C B ~ 6 U F M = l  
DISP=YII.OUI-6PRC..OTDS.SLP19U).OATA. 
LAEEL=(..,IN),~E=WF~-~ 
WNArt=OtlSCAROS WSERVATION CAROS 
OSN-bF 16. OAT4 SIYILATION SUYIIIARY WRKINQ FILE 
UNIT=6O~.SPACE=~IZ4.700~.OCB=~OSORO=OA.BUfN(I=6~~ 
OW-bF 11, OBSERVATIONS WRK ING FILE 
U N I T ~ S K l  , 
~ - ~ R t C F ~ C I . L R E C L - I E 4 . E L K S 1 2 E = 8 0 7 2 . 8 U F M = b E ) .  
SPACE=(W72.(100.rO)...ROVNO) 
094-bF 18. SLP WRKINQ FILE 
UWIT=bOSK.SPACE-~ZZ64.48~.~-~DSDRa-O4.BUFNa-bB~ 
OSN-IF IS. DISK -11 F I L E  WITH PARTIALS 
DCI)-~RZCfM-~.BLKSIZ~-l024.DSORa-OA.BUFMI=bB~. 
UNIt=.OJK.SP4CE-(1024.lUJO) 
DSWIbbFZO. OISK OmIT  FILE WITHOUT PARTIALS 
~IT=.DY(.~-~RLC~M-t.6U(SItL~1OZ4.OSORQ-OA.I1UCNO=~~~. 
SPACE=( 1014.500) 
OSN-bbFZ 1 , TAPE OUBIT FILE YITM PARTIALS 
OCB=~RECFY=VBS.LRECL=1OZ8.BLKSIZE=617Z.OEN=3,BUFM=61~. 
UNIT=bTAPE.LABEL=(.ELP).DrSP=~,PASS). 
SPACt-(TRK, f I ,  IO) 1 
OSN=dhFZ2. TAPE 0 0 1 1  FILE W I T W T  PARTIALS 
OCB=~RECFY-VBS.LRECL=10Z8.BLKSIZE=6172.OEN=3.8UFNO=68~. 
UNIT=6TAPE. LABEL=( .BLP) .OISP=( ,PASS). 
SPACE~('IRK.(l.lO)) 
6GRAPH.UNIT=bOSK. ERROR MESSAGES FOR SCOPE 
~=(RtCFY-fB.LRECL=M).BLKSI2E=JZOO.BUCM=b~). 
SPACE=~TRK.(l.IO)).OISP=~.PASS) 
OSN-6FZ4. IST OR61 OR EPHEM OUTPUT FILE 
UNIT=bOSK.DISP=(.PASS). 
~-(RECF~VS.ELKSIZE=Z~.BUFM=IB). 
SPACE=(TRK, ( 1, IO) 1 
O I S P = S C ( R . O U I ~ P R F . . ~ ~ S . E L E ~ N T S . O A T A . O C B = 8 U ~ M - b B  
OSN-TCSXX.eUIlOl.TV)(C.OATA,OISP=SH TCOPS VECTOR H. F .  
OISP=SHII.OSN=bPR~..OTOS.OEODT1CS.OATA.OCB=BUFM-6B 
6GRAPH.UNIT=IOSK. SATELLITE EPHEMERIS TO SCOPE 
OCl)-(RECF~FB.LR~CL=W0.1LKSIZE=3200.6UfM=bO). 
SPACE=(TRK,(l. 10)) 
oSN-bwz9. OTDS WSERVATION TAPE FILE 
~ - ~ R L C F M - M S . L R E C L = 7 Z 0 4 . ~ L K S I ~ L = 7 Z O 8 . O t N - 3 . B U F ~ = 6 B ~ .  
UWIT=ITAPL.LAI~L=~.~LP~.OISP-~.PASS~.SPACE=~TRK.~1.10~~ 
OsWIbbF30. OObJ 08SERVlTIO)l  TAPE 
OCl)-~RCCFW=MS.LRECL=lM.BLKSIZL=1~4.OEN=3.BUCH)=6I) .  
UWIT=~TAPE.LA~~L=~.BLP).OISP=(.PASS~.SPACE=(T~.II.IO)) 
OSN4W31. OTOS OESERVATION O I S K  FILE 
UNIT=bOSK.OISP-(.PASS). 
~ - ( R E C F M - f . B L K S I Z E = 7 Z 0 0 ) .  
SP4CE=~TRK.~Z.lO).RLSE) 
OSN=LIQTDPIF. Bo-BYTE PARTIAL EATCH FILE 
0 I SP =snR 
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DOC. NO. REV. NO. 
SD-85/6738 2 

//FT33F00f DO 
/ /  
/ /  
/ /  
/ /FT34F001  00 
/ /  
/ /  
/ /  
/ /FT35F001 OD 
// 
// 
/ /F136F001  OD 
// 
// 
//FT37FOO1 OD 
/ /  
// 
// 
/ /F130F001  DO 
/ /F139F001  DO 
/ /FT40FPOI DO 
/ /FT4 lFOOl  OD 
/ /  
// 
/ /F142F001  OD 
// 
// 

// 
/ /  

// 
// 

f /  
// 
/ /  

// 
// 
/ /FT47F001  DO 
/ /  
/ / F T l O F 0 0 1  ClD 
// 
/ /  

// 
/ /  
/ /FTWFOOl  DD 
/ /FTJ lFOOI  00 
// 
// 

/ /  
/ /  
// 
//FT53FOOI OD 
// 
//FT54FOO1 DO 
/ /  

//FT43FOC1 W 

/ /FT44F001 OD 

/ /FT45F001  DD 

/ / F T l B F 0 0 1  OD 

/ /FT49F001 DO 

/ / F T S l F 0 0 1  DO 

DSN-66F33. SLP TAPE 
DCE=(RECFM=VS.ELKSIZE-3460.OLN=3.EUFNO=6CJ. 
UNIT=bTAPE.LAEEL=( .BLP).DISP.( . P A S S ) .  
S P A C E = ( T R K . ( l . l O ) )  
DSN-IIF34. JPL TAPE 
DCE*~RECFM-VES.LRECL-8304.ELKSIZE=0308.OEN-3.EUFN0-6E). 
UNIT=6TAPE.LAEEL-(.BLP..IN~.ClISP~~,PASS~. 
SPACE-(TRK.! 1. I O )  1 
6GRAPH.UNIT=6DSK. INTEGRATIDN STATISTICS FOR SCOPE 
DCE=(RECFM=FB.LRECL-0O.ELKSIZ:E=3200.EUFNO-6G). 
SPACE-(TRK.( I . lOf )  
6GRAPH.UNIT-4DSK. FINAL ORBIT GENERATOR DISPLAY FOR SCDP 
DCB=(RECFM=FB.LRECL-OO.ELKSITE*3200.EUFNO=6G). 
SPACE-(TRK.( l . IO))  
DSN=bF37. WSERVATIDNS SORT F I L E  
M I T = b O S K .  
DCE=(RECFM-MS.LRECL=1OO.BLKS~IZE-62~.EUFNO-6E~. 
SPACE=(TRK.(20. I O ) )  
DISP*SHII.DSN-6PRF..GTDS.TIIICOF.DATA.DCE=EUFNO*6B 
OISP=SHII.DSN=6PRF..GTOS.GENCO~F.DATA.DCE-EUFNO=6B 
DUMMV PERMANENT F I L E S  10 SCOPE 
DSN=&F4 1. TEYPORARY STARTER ARRAYS 
WIt-~DSK.SPACE=(TRK.(l.lO)). 
DC~=(RECFM=MS.LRECL-5796 .~LKSIZE-58~ .BUFNO-6B~ 
bGRAPH.UNIT-6DSK. OBSERVATIW RESIDUALS FOR SCOPE 
OCB=~RECFM-FE.LRECL-OO.ELKSIZE-3200.EUFM*6G~. 
SPACE=(TRK.(l . lO)) 
6GRAPH.UNIT-6DSK. SOLVE PARAMETERS FOR SCOPE 
DCI-(RECFM=FE.LRECL*M).BLKS1ZE-32OO.EUFM=6G~. 
SPACE- ( tRK. ( I . lO ) )  
6GRAPH.UNIT=6DSK. ELEMENTS FOR SCOPE 
DCB=(RECFM-FE.LRECL=8O.ELKSIZE-32OO.EUFNO-6G~. 
SPACE-(TRK.( l . lO))  

UNIT-6DSK. 
DCE=(RECFM=VES.LRECL-lO28.ELKSIZE-6172.EUFNO-66). 
SPACE=(CYL.(5.1)) 

DCE-(RECFM-VI)S.LRECL*7204.ELKSIZE=7208.DEN-3.EUFNO-6B). 
V N I T - 6 T A P E . L A E E L - ~ . B L P ) . D I S P - ~ , P A S S ~ . S P I C E = ~ T R K . ~ l , l O ~ ~  
SY SDUT. . URC PUNCH F I L E  
DCI-(RECFM=FE.LRECL-80.ELKSIZE=80~ 
DSN-hlF48. EARTH/LUNAR POT F IELD WORKING F I L E  
UNIT-6DSK.SPACE=(4200.2~.DCB-~DSORG=DA.EUFNO-6E~. 
DISP-(.PASS) 
6GRAPH.UNIT-6DSK. 0. C. SUMMARY REPORT FOR SCOPE 
DCI=(RECfM=FB.LRECL-OO.ELKSIZE-320.EUFNO-6G~. 
SPACE*(TRK.(l . IO)) 
DDNAME -M)OSU(I TRACKINO DATA A C W I S I T I D N  SUMMARY 
O m .  TELETYPE ELEMENTS REPORT 
DCE-~RECFM=FBA.LRECL-OO.ELKSItE-0OO.DEN-3.EUFNO=6B~. 
UNIT=6TAPC. LAEEL*( .ELP 1 .D ISP-SW 
DSN-UFSZ,  DATA SIWICATIDN INPUT ODDS TAPE 
DC8-~RECFM-MS.LRECL=l04.ELKSIZE*lO44.OEN=3.EUFNO-6E~. 
WIT*6TIPE.LABEL-( .BLP~.DISP-( .PASSt.  
SPACE-( TWK. ( 1.10) 1 
DUMMY. CAIRS REPORT F I L E  
DCB=(RECFM=FB.LRECL=8O.ELKSIZIE-8~~.UNIT~6DSK.OISP-SHR 
DSN=6bF54. CHEEVSHEV EPHEMERIS FOR POP-11 
WIT-6DSK.LAEEL- ( l .ELP) .  W I T ~ T A P E O E N 2  

OSN96F45. SCRATCH ORBIT F I L E  

DSN-66F46. OBSERVATION SAVE 

DCE-(RECFM=FE,LRECL=316.BLKSI~LE-316.DEN-2.EUFNO~66). 
SPACE-(TRK.(I.  I O ) )  
&GRAPH.VNIT=6UNIT ,ORAPHICS DEVICE ( 2 2 5 0 )  
DCB=GNCP-5 
DSN-6GTPERF. PARTIAL EibTCH REWEST F I L E  

i i 
/ /  
/ /FT55F001  DD 
/ /-  
/ /FT56F001  OD I-. 
/ /  D I SP-SHR 

F i g u r e  3-5. J C L  P rocedure  f o r  Modifying VSFORTRAN Version 
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//FTS7FObl 00 OSN=AFS7. SCRATCH AREA FOR COLWWlN 
/ /  UNIT-6OSK. 
/ /  SPACE-(TRK.( lO.S~).OCE-BUFNO-6B 
//FTSBFOOl OD OSN=LFSB. IONOSPHERE WRKIMG FILE 
/ /  UNI T -4DSK. 
/ /  ’ SPACE=~1332.20).DCE-(DSORG=OA.BUFNO-bB~ 
//FTSOFOOf OD OISP~SHC(.DSN=6PRF..GTDS.SOLDAT.OATA.DCE*BUFNO-6E 
//FT60F001 OD OISP=SHII.OSN=6PRf..GTOS.ACCWNT.DATA.DCE*EUFNO-6B 
//FTSlFOOl DO OSN=6F6l,UNIT=6DSK, RESIDUAL EDIT  WORKING FILE 
// OCB=(RECFM=MS.LRECL=S64.BLKSIZE-6200.EUFNO=6B~. 
// SPACE=(CYL.(S.l)) 
//FTSZF001 DO WWIV.UNIT=hOSK. RESIDUAL PLOT DATA FILE (OAID) 
// D~-~R~CFY-fB.LRECL~160.BLKSIZE=3S20.OSDR~=DA~. 
// DISP*( .PASS 1. SPACE-( TRK , ( 100. SO). RLSE 
//tt.S3?001 00 OIlYT. FLIGHT OIRECTOR’S REPORT 
// DCl=(DSDRa=DA.EUFM=bl) 
//FT64F001 DO DSN-6hfS4. SDR EXTRACT FILE 
// ~-(R~CFY=MS.LRECL=132.OLKSIZE-3301.DEN=3.EUFNO=6B~. 
//* UN1T=(hTAPE,.OEFER~.LABEL-~l.BLP~.OISP*(,PASS~. 
// UNIT=hOSI(.DISP=~.PASS~.SPACE=~TRK.~l.IO~~. 
/ /  VOL=SER=ISOREXT 
//FT6Sf001 W DSN=bhFSS. IONOSPHERE WORKING FILE 
// UNIT-bOSK.OISP*(.PASS). 
// 
//fTSSF001 00 OSN=6hFSS. 
// DCB-(R~CFM=MS.LRECL=11E0.ELKSIZE=l11)4.EUFIYO=~B~,’ 
// SPACE=~TR)(.~3.l~.RLSE~.UNIT-6DSK 
//FTS7FOOl 00 OSN-6hFS7. REAL TIME IONOSPHERE DATA 
// UNIT=bDSK.SPACE=(1432.1S1~.DCB=~DSDR~=DA.EUFNO=bB~. 
// OISP=(.PASS) 
/ /FTSIFOOl Do DISP-SHA.DSN-bPRF..GTDS.TRWAT.DATA.DCB-SUFM=6l 
//FTSBP001 00 b~APH.UNIT=6DfK.DISP*SHA, PROMPT I NG 

GRAMICS CAR0 INPUT FILE 
// 
//C17OFOOl 00 O U Y Y  
//FT7lFOOl W DUMMY PRE-GENERATE0 INPUT ORBIT FILE RELAY 1 
//Ft72FOO1 DO DUMMY PRC-GENERATED INPUT ORB11T F I L E  RELAY 2 
//FT73FOOl DO OUMMY PRE-GENERATED INPUT ORBIT FILE RELAY 3 
//FT74FOO1 DO 6GRAPH.UNIT-6DSK. GRAPHICS INTERRUPT FILE 
/ /  DC8=(RECFY=FB.LRECL=22.ELKSIZE=2200.EUFNO-(LG). 
/ /  SPACE-(TRa.(l.l)),DSN=bGRNTR 
//FT79F00l W DISP=SHII.DSN=bPRF..GTOS.JACCHIA.OATA.OCB=EllFNO-bB 
//FT76FOO1 OD DSN-bF76. GMAN OUTPUT FILE 
// UNI T=6DSK. 
/ /  SPACE=(TR)(.(l.lO)).DISP=( .PASS), 
/ /  D C l ~ ~ R E C F M - M S . B L K S I Z E = I 7 6 4 . L R E C L - 1 9 4 0 ~  

/ /  UNIT-hOSK. 
/ /  SPACE=~2I00.3~).DCII=(RECFY*F.ELKSIZE=21)00.BUFM*6B~ 
//Ft71f001 W OISP*SHA.DSN-~POF. .GTDS.SLPT~.0ATA,DCB- ( IUF~-4O 
//FT79F001 00 OSN=TCSXX.FSf.DATA.DISP-SHII FLIGHT SECTIONING FILE 
//ftIOF001 00 M m Y .  TARGET SCRATCH OREIT FILE 
/ /  DCB*(RCCFM-FB.LRECL=1024.ELKSIZE-6144.EUFM+6B~. 
// 
//FtIlF001 00 DSN=6FI1. 2 M  ORB1 OR EPHEM OUTPIJT FILE 
// UNIT-6DSK. 
// S P A C E = ~ l R ) ( . ~ 1 . 1 0 ~ ~ . D C 8 - ~ R E C F * = V S . B L K S I Z E = 2 ~ ~ . E U F N O - ~ B ~  
//FTI2F001 00 DSN=bhFI2. CUMPARE SEO ORBIT FILE 2.  WITH PARTS 
/ /  DCl)=~R€C~WIVS.LRECL=102I.BLKSI2E=6172.O~N=3.BUFNO=6B~. 
/ /  UNIT*6TAPC.LABEL=(.BLP).OISP=(.PASS). 
/ /  SPACE=(TRK.(l.lO)) 
//FTI3?001 W DSN=6bFI3, 3RO O m 1  OR EPMW OUTPUT FILE 
/ /  UNIT-bDSK.DISP+(.PASS). 
/ /  SPACE=(TRW.(l.lO)).DCB-(RECFM=VS.BLKSIZE=2808.EUFNO-6E~ 
//FT84FOO1 DO DSN=bbFI4. COMPARE SEO ORBIT FILE 2 .  Y/O PARTS 
/ /  DCB=~RECFM-VS.LRECL=1028.ELKSIZE-6172.DEN-3.BUFNO-bB~. 
/ /  UNIT*bTAPC.LABEL-(.ELP).OISP=~.PASS), 

SPACE*(1176.S2).MB=(DSDRG=DA.EUFM=6E) 
IONSPHERIC SAVE FILE 

OSN=O~IT ,~TOS.PROMPt .OATA.DCB~~OS0R8-0A.B lJFNO-14)  

//FT77FOO1 DO DSN=bF77. EPHCW WORKING FILE 

SPACE-(CYL, (4.1 1 1. UNIT-bDSK 1 

F i g u r e  5 - 5 .  J C L  Procedure  f o r  Modifying VSFORTRAN Vs r s ion  
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// SPACE=(TRK.(1.10)) 
//FT8SF001 00 OSN=bbFBS. 4TH ORBl OR EPHEM OUlPUT F I L E  
// UNIT=bOSK.OISP-~.PASS~. 
/ /  SPACE=(TIIK.~l.10~~.OCB=~RECFM=VS.BLKSIZE=2BOE.EUFM=6E~ 
/ /FT86F001 Do OSM=b6FE6. COWARE OA ORBIT F I L E  2. Y l T H  PARTS 
// UNIT-M)SK.DCB=(RECFM-F.BLKSIZE=1024.OSORG=OA.BUFM=bB~. 
// SPACE=(1024,1Sa0).01SP-(.PASS) 
//FTB7F001 W OSN-bbFB7. STH ORBl OR EPHEM OUTPUT F I L E  
/ /  UNIT=bDSK.OISP-(.PASS). 
// SPACE=(T~.~l.~O~~.DCB=~RECFM=VS.BLKSIZE=2E0(1.EUFM=bB~ 
/ /FTBBfa01 00 OSN-bhF88. COMPARE OA ORBIT F I L E  2. Y/O PARTIALS 
// ~1T-M)SK.OCB=(RECFM=F.BLKS1ZE=1024.OSORO=OA.EUFM=bO~. 
// SPACE=( 1024,500) 
/ /CTSlF001 00 OSN-LdFS1. US8 OBSERVATIONS (60-BVTE) 
// UNlT=bOfl ( .~- (RECFM-MS.LRECL=64.BLKSIZE=6401.BUFM-bB~.  
// DISP=(,PASSI,SPACE=(TRK.(l.lO)) 
/ /FT92F001 W OSN-bF92. ERROR AINALYSIS SULYIRY F I L E  
// WIT-bOSK.SPACE-(6210.(~.3) ) .  
// ~-(RtCFY-MS.LRECL=~4E.BLKSIZE=S220.BUFM*bO) 
//FTS3FOCl 00 OU(=bF93. ERROR AMALYSIS YORlCINo F I L E  
// UNIT=bOSK.SPACE=~6220.~S.3~~. 
// O~-~RtCFM-MS.LRECL=148.BL1~SIZE=6220.BUFWO=bB~ 
//FTS4FOOl DO OSN=Uf94 .  OPTICAL ASPECT DATA 
// ~=(RECFM-MS.LRECL-2E. ILKSIZE=S64.OEN=3.BUFM=bB).  
// UNlT=bTAPE.LABEL-(.BLP).OISP=~,PASS). 
// SPACE=(TRK.((.lO)) 
//FT9SF001 00 OSN=bF9S. STATISTICAL OUTPUT REPORT FILE 
// UNIt=bOSKl.SPACE=(CYL.(4.0). 
// DCB=~RECFM-FO.LRECL=l~.BLK5IZE=9440.BUFNO=bB~ 
/ /FT96F001 W OSN=bWY60. BO-BYTE DATA BASE 
/ /  OCI=BUFM=bI .OISP~Y(R 

' / /FT97F001 00 O M T V .  RELAY 1 SCRATCH ORBIT F I L E  
// DCB=~RECFM-PO.LRECL=lOZ4.BL1CSIZE=6144.BUfM=bE~. 
// SPACE=(CYL.(4,1)).WIT=IOSKI 
/ /F lSBF00 l  W WW. RELAY 2 SCRATCH ORBIT F I L E  
// OCB=~RECFM=FB.LRECL=1024.BLKSIZE=6144.BUFM=bB). 
// SPICE -( TRK , ( 10.2 1 1. UWIT-~OSN 1 
/ / F T S W m l  W O W Y .  RELAY 3 SCRATCH ORBIT F I L E  
// DCB=(RECFY=FO.LRECL=lO24.ButSIZE-6~44.BUCM=bB). 
// SPACE=(TRK.(l0.1)).U)(IT-.DSKl 
//rNPUtws 00 wy)r. CRT INPUT 
// .UNIT-~OSK.OISP-WR. 
// DCI=(RLCFM=FO.LRECL=SO.BLKS1:ZE=72OO) 
/ / W L E U S  00 01SP=SCA,ML=REF=SVSl.SVCLIH.DCI=EUFM=l 
/ /SYSuWWp 00 SYSWT=bOUT.WTLIM=2OOO 
//ERRDUW 00 6QRIM.SVSOUT=~OUT 
//* . 
I / *  

Figure 5-5. JCL Procedure f o r  Kodifying VSFORTRAN Version 
of GTDS (5 of 5) 
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DOC. NO- REV. NO. 
SD-85/6738 2 

APPENDIX A - STATE SOLVE-FOR PARAMETER TYPE INDICATORS 
AND OBSERVATION AND STATION-RELATED 

INDEXES AND VALUES 

The following tables provide the state solve-for parameter 
type indicators and observation and station-related indexes ' 

and values, 

Table - Title 

A-l 
A- 2 Observations Type Indicators 

State Solve-For Parameter Type Indicators 

A- 3 

A-4 
Observation Corrections 
SOR categories With Maximum Observed Minus 
Computed (0-C) Values #and Noise Standard 
Deviations 

A-5 Station Indexes and Acronym8 for 60-Byte Data 

a .  
14 9 

A-l 



DOC. NO. REV. NO. 
SD-85/6738 2 

0 

d OD 

s 
2 
c 
X 
P a 

0 ' 8 8 0 ' 0 ' 8  

A- 2 

14 9 



DOC. NO. REV. NO. 
SD-85/6738UD2 - 2 

T a b l e  A - 2 .  O b s e r v a t i o n  Type ' I n d i c a t o r s  (1 of 4 )  

OBSERVATION TYPE 

~~~~ 

RANGE 

L 

M 

AZIMUTH 

ELEVATION 

RIGHT ASCENSION 

DECLINATION 

HOUR ANGLE 

RANGE-RATE 

RANGE-RATE 

X85 

Y85 

RANGE 

X30 

Y30 

X30 

Y30 

RANGE DIFFERENCE 

X-POSITION 

Y-POSITION 

z-POSITION 

x-VELOCrn 

Y-VELOCllY 

Z-VELOCllY 

RANGE 

RANGE-RATE 

RANGE 

X14 

Y14 

X14 

Y14 

RANGE 

- 
GTDS 
TYPE 

NUMBER - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

19 

21 

22 

23 

24 

25 

26 

1 

9 

1 

17 

18 

11.14 

12.15 

1 

TRACKING 
SYSTEM 

GRARR-VHF 

MINITRACK 

MINITRACK 

C-BAND 

C-BAND 

OPTICAL 

OPTICAL 

OPTICAL 

GRARR-VHF 

USE 

USVSRE 

USVSRE 

USE 

USVSRE~ 

USVSRE 

GRARR-VHF 

GRARR-VHF 

GRARR-VHF 

PCE 

PCE 

PCE 

PCE 

PCE 

PCE 

C-BAND 

GRARR SBAND 

GRARR SBAND 

GRARR SBAND 

GRARR SBAND 

SRE 

SRE 

LASER . 

WEIGHT 
I N D a  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

19 

21 

22 

23 

24 

25 

26 

27 

28 

29 

31 

32 

31 

32 

33 

UNITS 

KM 

RAD 

RAD 

RAD 

RAD 

RAD 

KWSEC 

KWSEC 

RAD 

RAD 

KM 

RAD 

RAD 

RAD 

RAD 

KWSEC 

KM 

KM 

KM 

KM 

KM 

KM . 
KM 

KWSEC 

KM 

RAD 

RAD 

RAD 

RAD 

KM 

 DEFAULT^ 
STANDARD 
DEVIATION 

500 M 

.3 MILS 

.3 MILS 

618'ARC . 

618'ARC 

18O'ARC 

180' ARC 

180' ARC 

30 CWSEC 

2 CWSEC 

3506' ARC 

3506' ARC 

15 M 

3506' ARC 

3506' ARC 

3506' ARC 

3506' ARC 

30 CWSEC 

100 M 

100 M 

100 M 

10 CWSEC 

10 CWSEC 

10 CWSEC 

37.57 M 

10.64 CWSEC 

37.57 M 

3506' ARC 

3506; ARC 

3506' ARC 

3506' ARC 

10 M 

DATA 
ACRONYM 

RANG 

L 

M 

AZ 

EL 

RA 

DEC 

HA 

RRAT 

URDF 

UX85 ' 

UY85 

URAN 

UX30 

UY30 

X30 

Y30 

RDlF 

X 

Y 

Z 

XDOT 

YDOT 

Z W T  

CRAN 

SRRT 

SRAN 

X14 

Y14 

X14 

Y14 

LRAN 

A- 3 
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DOC. NO. REV. NO. 
S D - 8 5 / 6 7 3 8 U D 2  2 

I 

Table A - 2 .  Observation Type  I n d i c a t o r s  ( 2  of 4 )  

OBSERVATION TYPE 

X30 

Y30 

AZIMUTH 

ELEVATION 

X40 

Y40 

X85 

Y85 

RANGE (SIDETONE) 

RANGE (COHERENT) 

RANGE SUM (RELAY) 

DESTRUCT DOPPLER 
(COHERENT) 

DESTRUCT DOPPLER 
(TRANSPONDER) 

DESTRUCT DOPPLER (SST) 

NON-DESTRUCT DOPPLER 
(COHERENT) 

NON-DESTRUCT DOPPLER 
(TRANSPONDER) 

NON-DESTRUCT DOPPLER 
( S T )  

RANGE-RATE (SIDETONE) 

SUN ANGLE 

EARTH IN TIME 

EARTH OUT TIME 

SOLAR OCCULTATION TIME 

RANGE 

RANGE RATE 

AZIMUTH 

ELEVATION 

AZIMUTH 

ELEMENT NUMBER 

LINE NUMBER 

PEE ELEMENT NUMBER 

PEE LINE NUMBER 

SUN ANGLE 

GTDS 
TYPE 

NUMBER 

17 

18 

4 

5 

17 

18 

17 

18 

1 

42 

43 

44 

- 

45 

46 

47 

48 

49 

9 

52 

53 

54 

55 

13 

10 

4 

5 

4 

61 

62 . 

63 

64 

65 

TRACKING 
SYSTEM 

LASER 

LASER 

LASER 

LASER 

X-Y PARABOLIC 

X-Y PARABOLIC 

X-Y PARAECUC 

X-Y PARABOLIC 

ATSR 

ATSR 

ATSR 

ATSR 

ATSR 

ATSR 

ATSR 

ATSR 

ATSR 

ATSR 

ATTITUDE 

ATTITUDE 

ATTITUDE 

ATTITUDE 

SRE 

SRE 

SUE 

SRE 

DSN 

LANDMARK 

LANDMARK 

LANDMARK 

LANDMARK 

LANDMARK 

WEIGHT 
INDEX 

34 

35 

36 

37 

38 

39 

40 

41 

42 

42 

43 

44 

45 

46 

47 

48 

49 

50 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

UNITS 

RAD 

RAD 

RAD 

RAD . 

RAD 

RAD 

RAD 

RAD 

KM 

KM 

KM 

HZ 

HZ 

HZ 

HZ 

HZ 

HZ 

KWSEC 

RAD 

SECOND 

SECOND 

SECOND 

KM 

KWSEC 

RAD 

RAD 

RAD 

ELEMENT 

LINE 

ELEMENT 

LINE 

RAD 

-- 
DEFAULT~ 

STANDARD 
DEVIATION - 

361x1- ARC 

XWARC 

36(W ARC 

36Ix1" ARC 

WM" ARC 

3810" ARC 

36o"ARc 

3mo" ARC 

10 M 

10 M 

2 0 M  . 

,040 HZ 

.O'I 2 HZ 

,300 HZ 

.040 HZ 

.O I 2  HZ 

300 HZ 

5 CWSEC 

lEOoARC 

.0025 SEC 

.MI25 SEC 

1 :;Ec 

1EmM 

2 I:WsEC 

3 E W  ARC 

3Ea0" ARC 

3 E W  ARC 

2 ELEMENTS 

2 LINES 

2 ELEMENTS 

2 LINES 

17.7388" ARC 

DATA ' 

ACRONYM 

LX30 

LY30 

LAZ 

LEL 

X40 

Y40 

X85 

Y85 

RNGA 

RNGS 

RNGS 

DPLA 

DPLT 

DPLS 

DPLA 

DPLT 

DPLS 

ARRT 

SUN 

TIN 

TOUT 

SCCT 

URAN 

URDF 

SAZ 

SEL 

DAZ 

ELEM 

LINE 

ELEC 

LlNC 

SCAN 

A- 4 
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T a b l e  A - 2 .  

~ 

OBSERVATION TYPE 

ELEVATION ANGLE 

EARTH IN TlM 

EARTH OUT n w  
RANGE 

RANGE-RATE 

RANGE 

RANGE DIFFERENCE 

AZIMUTH 

ELEVATION 

ELEVATION 

RANGE-RATE 

RANGE 

X-ANGLE 

Y-ANGLE 

X30 ATSR 

Y30 ATSR 

RANGE 2-WAY RELAY 

RANGEHYBAlDREUY 

RANGE 2-WAY GROUND 
TRANSPONDER 

RANGE HYBRlD GROUND 
TRANSPONDER 

DWPLER 1-WAY SBAND 
RELAY 

DOPPLER 1-WAY KBAND 
RELAY 

WPPLER 2-WAY S E A N 0  
RELAY 

DOPPLER 2-WAY K-BAND 
RELAY 

DOPPLER HYBRID RELAY 

WPPLER A1-WAY 
DIFFERENCED RELAY 

WPPLER 1-WAY GROUND 
TRANSPONDER 

DOPPLER 2-WAY HIGH- 
RATE GROUND XPNDR 

WPPLER 2-WAY MED 
RATE GROUND XPNDR 

DOPPLER 2-WAY LOW- 
RATE GROUND XPNDR 

DOPPLER 2-WAY HIGH- 
RATE GROUND XPNDR 

DOC. NO. REV.  NO. 
- SD- 8 5 / 6 7 3 8 UD2 2 

O b s e r v a t i o n  T y p e  I n d i c a t o r s  ( 3  of 4 )  

GTDS 
TYPE 

NUMBER 

6s 

67 

88 

13 

10 

1 

19 

4 

5 

5 

10 

13 

11.14 

1 2  15 

17 

18 

- 

m 

e1 

82 

83 

84 

a4 

85 

85 

86 

87 

ea 

89 

89 

E9 

90 

TRACKING 
SYSTEM 

LANDMARK 

L A N D W  

LANDMARK 

DSN 

DSN 

SGLS 

SGLS 

SGLS 

SGLS 

DSN 

SRE-VHF 

SRE-VHF 

SRE-VHF 

SRE-VHF 

ATSR 

ATSR 

TDRS 

TORS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

WEIGHT 
INDEX 

€6 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

17 

18 

80 

E1 

82 

63 

84 

84 

85 

85 

86 

87 

ea 

89 

89 

89 

90 

LJNlTS 

v 
SfiCOND 

SECOND 

W1 

WUSEC 

KM 

WNSEC 

RAD 

RAD 

RAD 

W S E C  

KM 

RAD 

RiuJ 

R/\D 

RlrD 

Kh4 

Khd 

Khl 

Khl 

H;! 

H;! 

KI 

H;! 

HZ 

H;! 

Hi! 

Hi! 

Hi! 

Hi! 

Hi! 

 DEFAULT^ 
STANDARD 
DEVIATION 

17.7388O ARC 

16 ~8 

16 w 
15M 

2 W S E C  

6.096 M 

8.5344 CWSEC 

7P ARC 

R A R :  

38aPm 

20 CWSEC 

103 M 

-ARC 

-ARC 

3506.m 

3506.m 

30M 

30M 

10 M 

10 M 

MO Hz 

1003 HZ 

25 HZ 

1.50 HZ 

25 HZ 

25 HZ 

200 HZ 

020 HZ 

005 HZ 

003 HZ 

OM HZ 

'DATA 
ACRONYM 

€LEV 

TIN 

TOUT 

DRAN 

DRAT 

COR 

CORR 

COAZ 

COEL 

DEL 

SVRR 

SVR 

SVX 

SW 

X30 

Y30 

TR?S 

TRHS 

TR2G 

TRHG 

TD1 S 

TD1 S 

TDZS 

TDPS 

TDHS 

TDDS 

TDIG 

TDPG 

TD2G 

TD2G 

TDHG 

A- 5 
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DOC. NO. REV. NO. 
SD-85/6738UDZ - 2 

Table A - 2 .  Observation Type Indicators (4 of 

I OBSERVATION TYPE 

~ 

DOPPLER HYBRID MED- 
RATE GROUND XPNDR 

DOPPLER HYBRID LOW- 
RATE GROUND XPNDR 

DOPPLER A1-WAY HIGH- 
RATE GROUND XPNDR 

DOPPLER A1 -WAY MED- 
RATE GROUND XPNDR 

DOPPLER A1-WAY LOW- 
RATEGROUND XPNDR 

A2IkUIl-l 

ELEVATION 

R.F. BEAM A f f i  X1 

R.F. BEAM ANG X1 
MULTIPLE ACCESS 

R.F. BEAM A M  #2 

R.F. BEAM ANG UZ 
MULTIPLE ACCESS 

GTDS 
TYPE 

NUMBER 

90 

90 

91 

91 

91 

92 

93 

95 

95 

96 

96 

TRACKING 
SYSTEM 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

TDRS 

WEIGHT 
INDEX 

90 

90 

91 

91 

91 

92 

93 

95 

95 

96 

96 

UNITS 

Hz 

Hz 

Hz 

Hz 

Hz 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

 DEFAULT^ 
STANDARD 
DEVIATION 

.W5 HZ 

,003 HZ 

25 Hz 

.10 Hz 

.os Hz 

36'ARC 

36'ARC 

360'ARC 

720'ARC 

36O'ARC 

720'ARC 

4) 

DATA 
ACRONYM 

TDHG 

TDHG 

TDDG 

TDDG 

TDDG 

TDAZ 

TDEL 

TRFl 

TRFl 

TRF2 

TRF2 

APPLIES TO OBSERVATIONS IN GOBYTE FORMAT WHEN STATISTICAL OUTPUT REPORT (SOR) IS NOT REQUESTED AND 
OBSERVATIONS IN 1 W-BYTE FORMAT. 

2THE ORIENTATIONS OF ANGLES FOR USW TRACKERS WITH ACRONYMS ENDING IN A ARE IDENTICAL TO THOSE OF USB85 ANGLES. 
THEREFORE THOSE US830 ANGLES HAVE THE SAME GTDS OBSERVATION TYPE NUMBERS AS US885 ANGLES. WHEN INPUrrlNG 
OBSERVATION TYPE NUMBERS ON KEYWORD CARDS AIRIII"'.. DLII"". AND P"""5 (STATION CARD 5), THE GTDS OBSERVATION 
PlPE NUMBERS FOR US885 ANGLES, 11 AND 12, MUST BE USED FOR THOSE Us830 ANGLES. HOWEVER, WHEN INPU'ITING 
OBSERVATION TYPE NUMBERS ON KEYWORD CARDS CHWT"'. MIXPAIR. SORINPLT. AND OBSDEV. THE GTDS OBSERVATION TYPE 
NUMBERS FOR REGULAR US830 ANGLES, 14 AND 15. SHOULD BE USED FOR THOSE US830 ANGLES BECAUSE THEY STILL BELONG 
TO THE SAME SOR CATEGORIES OF THE REGULAR US830 ANGLES. 

A- 6 
14 9 



DOC. NO. REV. NO. 
SD-85/6738 2 .- 

Table A - 3 .  Observation C o r r e c t i o n s  

I APPLICABLE GTDS TYPE I CORRECTION 

LIGHT TIME 

REFRACTION 

TRANSPONDER DELAY 

GROUND ANTENNA MOUNT 

SPACECRAFT ANTENNA OFFSET 

1, 2, 3, 4,5, 9, 10, 11, 12, 13, 14, 15, 17, 18, 19 

1,2,3,4,5, 9, 10, 11, 12, 13, 14, 15, 17, 18, 19 

80, 81, 82. 83, 84, 8.5, 86, 87, 88, 89, 90, 91, 92, 93 

1, 13 

1, 9, 10, 13, 19 

15,17 

A- 7 
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DOC. NO. REV.  NO. 
SD-85/6738UD2 2 

T a b l e  A - 4 .  SOR C a t e g o r i e s  With  Maximum 0 - C  V a l u e s  and 
N o i s e  S t a n d a r d  D e v i a t i o n s  (1 of 4 )  

Noise  

1 
S t a n d a r d  
D e v i a t i o n  

Maximum 
0-c 

T r a c k i n g  Sys t em 
and  SOR Catesory  U n i t s  

C-Band 
Range 
Azimuth 
E l e v a t i o n  

150 
0.150 
0.150 

2.0 

0.015 
0 . 0 2 0  

USB 
Range 
Range Rate 

Range 
Range  Rate 

SRE/USB 
X30 
Y30 
X85 
Y85 

SRE 

150 
2 

'20  
0 . 1  

m 
m/sec 

150 
2 

20 
0.1 

0 . 2  
0 . 2  
0 .150 
0.150 

0 .025  
0 .020  
0 . 0 2 5  
0 . 0 2 0  

SRE/GRARR S-Band 
X 1 4  
Y14 

1.0 
1.0 

0 . 2  
0 . 2  

GRARR S-Band 
Range 
Range Rate 

GRARR VHF 
X30 
Y30 
Range 
Range  Rate  

MINITRACK 
L E q u a t o r i a l  
M E q u a t o r i a l  
L P o l a r  
M P o l a r  

150 
2 

20 
0.1 

m 
m/sec 

2.5 
2 . 5  

. 1000 
5 

0 .5  
0 . 5  
200 
L 

500 c o u n t s  
500 c o u n t s  
500 c o u n t s  
500 c o u n t s  

0 . 2 6  
0 . 2 6  
0 .18 '  
0 .18 

m i l s  
m i l s  
m i l s  
mils 

Apply  t o  o b s e r v a t i o n s  i n p u t  i n  6 0 - b y t e  f o r m a t  when SOR is  
r e q u e s t e d .  

1 

A- 8 
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UOC. NO. REV. NO. 
SD- 8 5 / 6 7 3  8UD2 2 

Table A - 4 .  SOR Categories With Maximum 0 - C  Values and 
Noise Standard Deviations (2 of 4) 

Noise 
Tracking System Maximum Standard 
and SOR Cateqory 0-c - Deviation Units 

DSN 
Range 
Range Rate 
Azimuth 
Elevation 

LASER 
X30 
Y30 
Azimuth 
E 1 eva t ion 
Range 

150 
2 
0.15 
0.15 

20 m 
0.1 in/ sec 
0 . 0 2  deg 
0 . 0 2  deg 

0.2 
0.1 
0.2 
0.1 
150 

XY 
X40 
Y40 
X85 
ya5 

Angle 
X30 
Y30. 
Az imu t h 
E leva t ion 

ATSR 

0.3 
0.3 
0.1 
0.1 

0.5 
0 . 5  
0 . 5  
0 . 5  

0.18 
0.18 
0.03 
0.03 

Range 
D i r e c t  100 
Ground Relay 100 
Satellite-to-Satellite 750 

Sidetone Destruct, 2 
Range Rate 

L sec rate2 

1 sec rate 

1 sec rate 

1 sec rate 

Sidetone Destruct, 0.5 

Coherent Destruct, 0.004 m/sec 

Coherent Des t ruct, 0.02 m/sec 

LO 
2 0  
3 0  

in 
m 
m 

0.080 m/sec 

0 . 0 2 0  m/sec 

0.0003 m/sec 

0.0015 m/sec 

Apply to observations input in 60-byte format when SOR is 
requested. 

1 

21 sec rate = one o r  more observations in 1 second. 

149 
A- 9 



DOC. NO. REV. NO. 
SD-85/ 673 8IJD2 2 

Table A-4. SOR Categories With Maxilnum 0-C Values atid 
Noise Standard Deviations ( 3  of 4 )  

Noise 
Tracking System Maximum Stan.ddrd 
and SOR Category 0-C Deviation ’ Units 

Coherent Nondestruct, 

Coherent Nondestruct, 

PGG Destruct, 
Ground Relay, 
1 see rate 

PLL Destruct, 
Ground Relay. 
1 see rate 

PLL Nondes truc t ,  
Gcound Relay. 
1 sec r a t e  

PLL N o n d e s t r u c t .  
Ground Relay, 
1 see rate 

PLL Destruct , 
Satellite-to-Satellite 
PLL Nondestruct, 
Satellite-to-Satellite 
Crystal Destruct, 
Ground Relay, 

< 1 see rate 
Crystal DeStKUCt, 
Ground Relay 
1 see rate2 

Crys ta 1 Destruct , 
Satellite-to-Satellite 

1 see rate 

1 See Kate 

0.008 m/sec 

0.02 m/sec 

0.2 

0.0003 

0.0015 

0.012 

0 . 4  0.060 €I 2 

0.2 0.012 FI 2 

0 . 4  0.060 FI 2 

20 

20 

0.2 

0.300 

0.300 

0.012 

€I 2 

€I 2 

H2 

0 . 4  0.060 HZ 

20 0.300 €I 2 

OPTICAL 
R i y h t As c e cis i o n 
D e c l  inn t i o n  
Hour Angle 

X-Anyle 
Y-Anyle 
Ria nge 
Rnnye Rate 

SRE VHF 

0 . 2 5  
0.25 
0.25 

5 
5 
750 
3 

1 
Apply t o  obaervations inpiit in 60-byte format w h e n  SOR is 
requested. 

1 sec rate = one o r  more observations in 1 second. 2 

A- 10 
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DOC. NO. REV. NO. 
SD-85/6738UDZ 2 

Table A - 4 .  SOR C a t e g o c i e s  With  Maxiiiuim 0 - C  V a l u e s  atid 
N o i s e  S t a n d a r d  Dev ia t ions  (4 of 4) 

T r a c k i n g  Sy!; t e t n  
and SOB Cateuorv 

SGLS 
R a  nye  
Raiiye D i € f e r e n c e  
Az i inii  t h 
~ l Y t b + I b  iOt1 

TDRSS 
Two-way Range 
H y b r i d  Range 
Two-way Range-Ground 
R e l a y  
Hybr id  Range-Ground 
R e l a y  
One-way D o p p l e ~  
(S-Band) 
One-way Dopp le r  
(K-Band) 
Two-way Dopp le r  
(S-Band) 
Two-way D o p p l e ~  
(IC-Band) 
Hybr id  Dopp le r  
D i€ € e r enced One- Way 
Dopp le r  

One-way Dopp le r  Ground 
R e l a y  
Two-Way Doppler Ground 
R e l a y  

Low Data Rate 
Medium Data Rate  
High  Data Rate 

D i f f e r e n c e d  One-way 
Dopp le r  Ground R e l a y  

Low Data Rate 
Medium Data Rate 
High  Data Rate 

Noise  

0- c Deviat ion U n i t s  
Maxiinurn S t a n d a r d  

1000 
90 
0.15 
0.15 

750 
750 
10 0 

6.096 m 
0.085344 m/sec 
0.02 deg 
0.02 dcg 

30 
30 
10 

m 
m 
m 

100 LO m 

1000 200 €I z 

5000 1000 SI z 

20 0.25 FI z 

100 1.50 €1 z 

20 
20 

0.25 
0.25 

€I 2 
FI z 

1000 200 €I 2 

0.05 0 . 0 0 3  €1 2 
0.05 0 . 0 0 5  €I z 
0.10 0.020 FIZ 

0.5 0.05 €1 z 
1 0.10 HZ 
2 0.25 FI 2 

L 
Apply t o  o b s e r v a t i o n s  i n p u t  i n  60 -by te  fo rma t  when SOR is  
r e q u e s t e d .  

A - 1 1  

L4 9 



DOC. NO. REV. NO. 
SD-85/6738UD2 2 

T a b l e  A - 4 a .  SOR Categories With Maxiinuin 0 - C  Values and 
Noise Standard Deviations (4 of 4) 

Noise 
Tracking System Max i mum Standard 
and SOR Cateqory 0-c Deviation Units 

Azimuth 0.15 0.01. deg 

RF Beam Azimuth 
Elevation 0.15 0.01. deg 

S.A. Antenna 1 0.3 0.1 d e g  
S . A .  Antenna 2 0.6 0.2 deg 

RF Beam Elevation 
S.A. Antenna 1 0.3 0.1 dey. 
S . A .  Antenna 2 0.6 0.2 deg  

14 9 
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T a b l e  A - 5 .  Station' Tnrlexes and ACKO[~~R~S € : O K  60-Byte 
Data (1 of 8 )  

Ex te r na 1 
Index Station Station 
m b e  r At: r o nym ID Des~ript:io[i 

A. USB/SRE Trackinq System 

42 
21 

9 
LO 
11 

1 

ACNY 
ACNZ 
ACN3 
AGO3 
BDA3 
BLTA 

93 
72 

75 
54 
02 

91. 

Ascension Island (SE!E-VHF) 
Ascension Island (SEE-VHF) 
Ascension Island (USR. 9 meters) 
Santiago, Chile (USEl, 9 meters) 
Bermuda (USB, 9 meters). 

Greenbelt. Maeylntirl (1JT;B. 
26 meters. ERTS, E-CI keyhole) 
Greenbelt. Maryland (SBE-VHE') 

Greenbelt, Maryland (SRE-VFW) 
Greenbelt. Maryland (SRE-VHF) 
Greenbelt, Maryland (USB, 
9 meters) 
Greenbelt. Maryland (SRE-VHF) 

27 

43 
22 
13 

BLTX 
BLTY 
BLTZ 
BLT3 

45 

94 
73 
7 '7 

41 BL2Y 78 
24 

17 
BL2Z 
DS46 

None 
46 

Greenbelt. Maryland (SRE-VHF) 
Canberra, Australia (USB, 
26 meters) 
Goldstone, Calif 0rni.a (USB, 
9 meters, ERTS. E-W keyhole) 
Golds tone, Calif or ni.a (USB, 
9 meters) 

Golds tone, Ca 1 if o r ni.a (USB , 
26 meters E-W keytio1.e) 
Goldstone, Cal if 0rni.a (USB, 
26 meters) 
Guam Island (SRE-VHF) 
Guam Island (USB. 9 meters) 
Guam Island (SRE-VHF) 
Kauai. Hawaii (IJSB,  9 meters) 
Kaua i , Hawa i i (SRE-VHF) 
Madrid, Spain (USB, 9 meters) 

2 

18 

GDSA 14 

DS 17 16 

3 DS16 28 

GT28 17 

GWMY 
GWM3 
GW3Z 
HAW 3 

HAZY 
MAD3 

95 
24 
'7 4 

12 
3 4  

22 

44 

14 
23 

15 
3 8  

19 

A- 12 149 
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T a b l e  A-5. S t a t i o n  I n d e x e s  and  Acronyius f o r  60- By te  
Data ( 2  of 8 )  

E X t e r [la 1 
I n d e x  S t a t i o n  S t a t i o n  
Number A c r o n ~ m  I D  Des c K i p t i o n  

4 MAD8. 23 Madrid.  Spai.n (USB, 26 meters, 

5 MILA 40 M e c r i t t  I s l a n d ,  F l o r i d a  ( U S U ,  

1 6  MIL3 7 1  M e c K i t t  I s l a n d ,  F l o r i d a  (USB 1, 

39  OR3Y 36 O r  r o ra  1, A u s  t r a 1 i a  ( SRE-VHF' ) 

E-W k e y h o l e )  

9 me te r s )  

9 m e t e r s )  

3 2  

37 

6 

33 

1 2  

29 

28 

25 

24 

26 

32 

33 

3 4  

35 

36 

ours 
QU3Y 

DS66 

ROSS 

UL23 

UL3 3 

VDB 3 

WPSA 

WPSS 

WPS8 
WP2S 

wesx 
WPSY 
W P ~ Y  

WFSZ 

06 

66 

66 

3L 

79 

90 

03  

0 4  

05 

07 

08 

18 

20 
2 1  

19  

Q u i t o ,  ECUadOK ( S R E ,  4 . 3  meters) 
Q u i t o ,  Ecuador  (SRE-VHF) 

Madr id ,  S p a i n  (USB,26 m e t e r s )  
Rosman. N o r t h  C a r o l i n a  ( S R E  4 . 3  
meters) 
F a i r b a n k s .  A laska  (USB, 26 meters )  
F a i r b a n k s ,  a l a s k a  (USB. 26 meters )  
Vandenberg AFB, C a l i f o r n i a  ( U S B ,  
9 meters) 
Wal lops  I s l a n d ,  V i r g i n i a  

Wal lops  I s l a n d .  V i r g i n i a  

Wal lops  I s l a n d .  V i r g i n i a  

Wal lops  I s l a n d ,  V i r g i n i a  

Wal lops  I s l a n d ,  V i r g i n i a  (SRE-VHF) 

Wal lops  I s l a n d .  V i r g i n i a  (SRE-VHE') 

Wal lops  I s l a n d ,  V i r g i n i a  (SRE-VHF) 

Wal lops  I s l d n d ,  V i r g i n i a  (SBE-VHF) 

B. C-Band T r a c k i n g  Sys tem 

62 ANTQ 9 1 1  A n t i g u a .  West I n d i e s  (FPQ-6) 
51. ASCF 750 A s  ce ns i o n  'I s l a n d  ( FPS- 16 ) 

6 1  ASCQ 702 A s c e n s i o n  I s l a n d  (FPQ-15) 

6 0  AS2Q 104 A s c e n s i o n  I s l a n d  

53 BDAQ 013 Bermuda (FPQ- 6 ) 
56 CALF 470 Vandenberg AFB, C a l i f o r n i a  

A-13  
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Table A - 5 .  S t a t i o n  I n d e x e s  and  At:ronyiiIs f o r  6 0 - B y - t e  
Data ( 3  of 8 )  

E x t e r n a  1 
I n d e x  S t a t i o n  S t a t i o n  
Number &cconvm ID - Desc r  ipl: i o n  

7.6 CALT 4 8 4  Vandenbery AFB, C a l i f o r n i a  (TPQ- 1 8 )  

57 CA2F 

52 CNVE' 
80 G B I Q  

78  GTKQ 

5 3  HAWE' 
65 KMRQ 

77 KMRT 
73 KMRF 

71 KMZ F 

66 KPTQ 

70 MLAQ 

67 PATQ 

69 PAZQ 

50 PPTF 

64 PPTQ 

58 WLPF 

68 WLPQ 

59 WL2F 

490 

650 
419 

511 

125 
696 

744 

027 

92 
6 8 1  

711. 

2 1 1- 

209 

500 

463 

530 

863 

520 

T r a n q u i l l o n  P a r k ,  C a l i f o r n F a  

Cape Canaveral ,  F l o r i d a  (FPS-16) 

Grand Bahaiua (FPQ- 13  ) 

Grand T u r k ,  Bahama (TPQ-18) 

Makaha Ridge .  H a w a i i  (FPS-16 m e t e r s )  
K w a j a l e i n  (ALCOR) 

Kwa j d l e  i t i  

Kwa j a l e  i n  
Kwa j d l e  i n 
Kaena P o i n t ,  H a w a i i  (FPQ-14) 

M e r r i t t  I s l a n d .  F l o r i d a  

P a t r i c k  AFB, F l o r i d a  (FPQ--6) 

P a t r i c k  AFB, F l o r i d a  

p i l l i r  P o i n t ,  C a l i f o r n i a  

P i l l a r  P o i n t ,  C a l i f o r n i a  (FPQ-6)  

Wal lops  I s l a n d ,  V i r q i n i a  

Wal lops  I s l a n d .  V i r g i n i a  (FPQ-6)  

Wal lops  I s l a n d ,  V i r g i n i a  

C .  M i n i t r a c k  

86 AGOM 

87 BURM 

93 KRUM 

88 ORRM 

94 PREM 
89  QV I M  

91. ULAM 

9 2  WNKM 

08 

16 

92 

2 1  

91 
05 

19 
15 

S a n t i a g o .  C h i l e  

J o h a n n e s b u r g .  R e p u b l i c  of S o u t h  
A€ I: i ca  

Kourou, F r e n c h  Guiatia 
O r  c o r  a 1, Aus t ra  1 i a  
P r e t o r i a .  R e p u b l i c  of S o u t h  A f r i c a  

Q u i t o ,  Ecuador  

F a i r b a n k s ,  A laska  

Winkf i e l d ,  England  

A- 14 
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Table A - 5 .  S t a t i o n  I n d e x e s  and  Acronyms for 60-By te  
Data ( 4  of 8 )  

E x t e r n a l  
I n d e x  S t a t i o n  S t a t i o n  
Number Acronvm I D  - D e s  (I r i p t i o  n 

D .  ATS-R T r a c k i n q  Svs tem 

101 AMDR 5 '7 Ahmedabad. I n d i a  (14 meters )  
102 AVER 47 Mojave, C a l i f o r n i a  (LZ meters) 
108 AV2R 66 Mo jnve, C a  1 i f o  r t i  i n  ( 6 . 4 .  meters , H-D) 

103 KASR 6 8  Kashima. J a p a n  ( 3 0  meters, S-Y) 
104 MADR 99 Madr id ,  S p a i n  (TGS) ( 6 . 4  meters ,  H-D) 
105 ROSR 58 Ro:;man. N o r t h  C a r o l i n a  ( 2 6  meters. 2 )  

106 RO2R 59 Rosman. N o r t h  C a r o l i n a  (P lace  + 

107 RO3R 60 Ro:;man. N o r t h  Caro l ina  ( P l a c e  t 

109 YOKR 48 Yokosuka. J a p a n  ( 1 2  meters, A-E)  

26 meters. 2 )  

26 meters, 2 )  

E .  ATS-R Ground T r a n s p o n d e r s  
* 

TBD ACNB 00 Ascens ion  Is, l a n d  

TBD AGOB 00 S a n t i a g o ,  C h i l e  

TBD AVE B 00 Mo j a v e ,  C a l i f o r n i a  

TBD BURB , 00 J o h a n n e s b u r g ,  R e p u b l i c  of SouCh 
A f r i c a  

TBD GSFB 00 G r e e n b e l t ,  Maryland 
TBD MADB 00 Madr id ,  Spai.n 
TBD ROS B 00 Rosman. Nort:h C a r o l i n a  
130 ULAB 00 F a i r b a n k s .  h l a s k a  

F .  GRARR T r a c k i n u  Svs tem (VHF) 

141 AGOV 27 S a n t i a g o .  C h i l e  (VHF) 

14 9 AG2V 17 S a n t i a g o ,  Ch i  l e  (VHF) 

150 AG3V 13 S a n t i a g o ,  C h i l e  (VHF) 

A-15 
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T a b l e  A-5. S t a t i o n  I n d e x e s  and  Acrotiyins f o r  60-Byte 
Data ( 5  of 8 )  

Ex te  r na 1 
Index  S t a t i o n  S t a t i o n  
Miirnbet: Aeconvm ID - D e s c r i p t i o n  

F .  ( C o n t ' d )  

148 AG4V 52 S a n t i a g o ,  C h i l e  (VHF) 

1 5 1  AG5V 53 S a n t i a g o ,  C h i l e  (VKF) 

142 ORRV 35 O r r o r a l .  A u s t r a l i a  (SANTAN) 

143 OR2V 36 O r r o r a l ,  A u s t r a l i a  (SATAN + 
26 meters) 

144 ROSV 26 Rosman, N o r t h  C a r o l  Lna (VMF, SATAN) 

1 4 5  R02V 25 Rosman, N o r t h  C a r o l i n a  (VHY, SATAN i 

26 meters) 

147 ULAV 28 F a i r b a n k s ,  A l a s k a  (VHF) 

G. GRARR T r a c k i n q  Sys tem (S-Band) 

156 ROSG 261  Rosman, N o r t h  C a r o l i n a  (S-Band) 

H ,  X-Y Anqle  T e l e m e t r y  T r a c k i n q  Sys tem 

1. 

166 

171 . 
167 

168 

170 

2. 

17 6 

177 

178 
179 

1 2  Meters 

AGO4 

BLT4 

BUR4 

QUI4 

IJLA4 

26 Meters 

ORRE 

ROSE 

R02E 

ULAE 

67 

76 

65 

66 . 

64 

3 3  

3 0  

3 1. 

3 2  

S a n t i a g o .  C h i l e  

G r e e n b e l t .  Maryland 

J o h a n n e s b u r g ,  Repub'Lic of S o u t h  
A f r i c a  

Q u i t o ,  Ecuador  

Fa i r b a n k s ,  A laska  

O r  c o r a l ,  A u s t r a l i a  
Rosman, N o r t h  C a r o l i n a  (HL) 
Rosman. N o r t h  Caro l i ina  (HZ) 
F a i r b a n k s ,  A laska  

A- 16 
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Table A-5. S t a t i o n  I n d e x e s  and  A.CKOlly1nS € O K  GO-Byte 
Data ( 6  o€ 8 )  

Ex t e c na 1 
I n d e x  S t a t i o n  S t a t i o n  
!Sumbe rl At: c r) nym I D  D e S c K i P t i o n  

I .  Laser T r a c k i n q  Svs t em 

200 

199 

198 

2 2 1  

222 

22.3 
224 
225 

226 

227 

228 

2 0 1  

2 0 2 .  

mr, L 

MACL 

MLRL 

MO 1 L 

MO2L 

MO 3 L 
M04L 
MOSL 

M06L 

M 0 7 L  

M08L 

RAML 

STAL 

78  

62 

25 

8 1  

82 

H :j 
84 
85 

86 

87  

88 

79 

80  

Ha lea  ka l a ,  H:awa i i 
F o r t  Davis. T e x a s  

F o r t  Davis,  Texas  

Mobi l e  LASER. 1 

M o b i l e  LASER. 2 

# o b i  l e  I,AHRR 3 
Mobi le  LASER 4 
Mobi l e  LASEH. 5 

M o b i l e  LASEH: 6 

Mobi l e  LASER 7 

Mobi l e  LASER 8 

F l o r i d a  LASE:R 

STALAS/GSFC 

J .  SA0 O p t i c a l  Trackincr  Svs t em ( B a k e r - h n n  Camera) 

247 

248  

249 

250 
2 5 1  

2 5 2  

253 

254 

255 

256 

2 5 7  

258 
259 

260 

1.4 9 

AREC 

CLCC 

DIOC 

DODC 
EAFC 
HOPC 

MTJC 

NAZC 

NATC 

0RR.C 

PIJSC 

SAFC 
SANC 

SMCC 

9027 

9124 

9030 

9025 

9113 

9 0 2 1  

9119 

9006 

9039 

9043 

9125 

9004 
9120 

9122 

A r e q u i p a .  P e r u  

Cold Lake. Alberta, Canada 

Dionysos .  Greece 
DodaiKa, J a p d n  

Edwards AFB. C a l i f o r n i a  

Mount Hopkitrs.  Ar izona  
Mount J o h n ,  New Z e a l a n d  

N a i n i  T a l ,  I n d i a  

Na ta l ,  B r a z i l  

OKKoCal .  A u s t r a l i a  
Pulmosan.  Korea 

San  .Fernando,  Spain 
San  V i t o ,  I t a l y  

S t .  M a r g a r e t ,  Canada 

A- 17 
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Table A-5. S t a t i o n  I n d e x e s  and  Acronyms f o r  60-Byte 
D a t a  (7 of 8) 

Ex t e r  na 1 
Index  S t a t i o n  S t a t i o n  
Niimbec Acronym I D  

K .  DSN Mark IVA T r a c k e r  

121 
122 

123 
124 

12s 
126 
127 
128 

L29 

DS '12 
DS 14 
DSlS 
DS42 

DS43 
DS45 

DS6l 
D S 6 3  

DS65 

12 
14 

15 

42 

43 
45 

61 
6 3  

6 5  

D e s c r i p t i o n  

G o l d s t o n e ,  C a l i f o r n i a  (34 m e t e r ,  std) 
G o l d s t o n e ,  C a l i f o r n i a  (64 m e t e r )  
G o l d s t o n e ,  C a 1 i f o r n i . a  (34 m e t e r ,  h e f )  

C a n b e r r a .  A u s t r a l i a  (34 m e t e r ,  s t d )  

C a n b e r r a .  A u s t r a l i a  (64 m e t e r )  
C a n b e r r a .  A u s t r a l i a  (34 meter, h s f )  

Madrid.  S p a i n  (34 meter, s t d )  

Madrid, Spain (70 m e t e r )  

Madrid.  S p a i n  (34 meter, he€) 

L .  S A 0  a n d  F o r e i u n  C o o p e r a t i v e  L a s e r  T r a c k i n q  System 

207 
208 
a09 
2 LO 
2 t] '3 
205 

211 

219 

212 

213 

218 

2 14 
2 15 

216 

204 

ARE L 
DIOL 

DODL 

GRAL 

C X Z L  

KLWL 
G R 2 L  

HL2L 

HOPL 

KOOL 

METL 

NATL 

ORRL 
SAFL 

R A l L  

7907 

7940 

7935 

7842 

7 8 9 9  
7835 

7801 

7831 

7921 

7833 

7805 

7929 

7943 

7804 

7824 

Arequ ipa .  P e r u  
Dionysos .  Greece 
Doda i r a .  J a p a n  
G r a s s e ,  F r a n c e  

Grdz,  A u s t r i a  
G r a s s e .  F r a n c e  
Kelwan. Egypt  
Helwan, Egypt 

Mount Hopkins ,  Ar i zona  
Kootwi jk, N e t h e r l a n d s  
Met sahov i .  F i n l a n d  
Na ta l ,  B r a z i l  
Or r o r a l  , A u s t r a l  i a  
San  Fe rnando ,  S p a i n  

Snn Fernando.  S p a i n  

A - 1 8  

14 9 



0. TDRSS Ground T r a n s p o n d e r s  

4 0 3  ACNJ Ascension I s l a n d  

4 10 AC2J Ascension IsLand 

404 ALSJ A l i ' c e  S p r i n g s ,  N .  T . ,  A u s t r a l i a  

405 AMS J Ainerican Samoa, T u t u i L a  

407 BLTJ G r e e n b e l t ,  Maryland 

451 J S C J  Johnson  Space C e n t e r ,  Texas  

406  M L L J  Mer r i t  I s l a n d ,  F l o r i d a  

401 WKSJ Whi te  S a n d s ,  N e w  Mexico 
402 WMZ J Whi te  S a n d s ,  N e w  Mexico 

DOC. NO. REV. NO. 
j;D-85/6738UD2 - 2 

Table A - 5 .  S t a t i o n  I n d e x e s  and Acronyms f o r  60 -By te  
D a t a  ( 8  of 8 )  

I n d e x  Ground Transponder  
Niimbe r A c  c o nvm ~ e s c r  i p t  i o n  

L .  ( C o n t ' d )  

206 S I M L  7838 Shimosa t o ,  ~ a p a n  

2 17 WE2L 7834,  Wet t z e  11, Gerlllatly 

M. SGLS 

301 - 3.99 Reserved for SGLS t r a c k e r s  

N .  TDRSS 

161 WHSK 0 9  White  Sands .  New Mexico 
162  WH2K LO Whi te  S a n d s ,  New Mexico 
163 WH3K L l  White  Sands .  New Mexico 

1 
. 

. I  1 
Al though  ground t r a n s p o n d e r s  a r e  n o t  c o n s i d e r e d  t o  be  t r a c k e r s  
and. t h e c e f s r e .  have  no e x t e r n a l  t r a c k e r  numbers a s s i g n e d  t o  
them. t h e  yroiind t r a n s p o n d e r s  a r e  a s s i g n e d  s p e c i f i c  i n d e x  o r  
c a t a l o g  numbers t h a t  a r e  t r e a t e d  i n  t h e  same manner as  t r a c k e r  
60-byte i n d e x  numbers f o r  t h e  p u r p o s e  of a u t o m a t i c  r e t r i e v a l  
or yecNletit: i n f o r m a t i o n  by the Goddnrd T r a j e c t o r y  D e t e r l u i n a t  i on  
Fy!;tern (CTDG). The i n d e x  number for e a c h  TDRS ground t rans-  
ponder  is e q u a l  t o  400 p l u s  t h e  va lue  appea . r ing  i n  b i t s .  
3 t h r o u g h  8 of b y t e  2, word 9 ,  of TDRS 60-by te  r e c o r d s  c o n t a i n -  
i n g  ground r e l a y  o b s e r v a t i o n s .  

A- 19 
1 4 9  
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APPENDIX B - CENTRAL BODY INDEXES 

Index Central Body 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 
11 

Earth 
Moon 

Sun 
Mar 8 

Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 
MeKCUKy 

Venus 

B-1 
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- FRN 

0 

1 
2 
3 
4 

5 

6 
7 

8 
9 

10 
11 
12 

13 

14 
15 
16 
17 
18 
19 

20 

21 
22 
23 

24 

25 
26 

27 

APPENDIX C - GTDS FORTRAN REFERENCE NUMBERS 

Permanent dummy for suppression of output in 
propagator mode 
Report Index File 
Atmospheric Density Models File 
Impulsive Maneuvers File 

. Astrodynamic Constants File 
Card option input 
Printer output 
Punched output 
Earth Potential Fields File 
Lunar Potential Fields File 
Integration Coefficients File 
Flight Sectioning-Models File 

. 

Temporary data set containing card input when in 
cathode ray tube (CRT) input mode 
ErrOK Messages File 
Solar/Lunar/Planetary (SLP) 1950 Ephemeris File 
Observations card input 
Data simulation Summary Working File 
Working Observations File 
SLP Working File 
Direct ORBIT File with partial derivatives 
Direct ORBIT File without partial derivatives 
Sequential ORBIT File with partial derivative 
Sequential ORBIT File without partial derivatives 
Collective Error Message File for sc0p.e OK GUI 
Ptimary ORBWEPHEM output file 
(This integer location can contain FORTRAN 
Reference Numbers (FRN) 24, 81, 83, 85, or 87, 
depending on which file is being built.) 
GTDS Permanent Elements File 
24-Hour Hold Elements File 
Tracking Station Geodetics File 

c- 1 
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* 28 

2 9  

3 0  

3 1  

3 2  

33  

3 4  

3 5  

3 6  

3 7  

3 8  

3 9  

4 0  

4 1  

4 2  

4 3  

4 4  

4 5  

4 6  

4 7  

4 8  

4 9  

5 0  

5 1  

5 2  

5 3  

5 4  

5 5  

5 6  

Description 

Data set containing the satellite ephemeris to be 
be transmitted to scope 
GTDS Observation tape 
DODS Observation tape 
GTDS observation disk 
60-Byte partial batch file 
SLP tape 
JPL tape (DE-19 format only) 
Data set containing integration statistics for 
scope display 
Data set containing final orbit generator report 
for scope display 
Observations Sort File 
Time- Conversion Coefficients File 
Ionospheric Refraction Generalized Coefficients 
File 
Permanent files report to be scanned on the scope 
Temporary data set containing starter arrays 
Observations residuals to be transmitted to scope 
Solve-for parameters to be transmitted to scope 
Elements to be transmitted to scope 
Scratch 'ORBIT File 

URC Report File 
Scratch Potential Fields File 
DC Program Summary Report for the scope 
Tracking Data Acquisition Summary Report 
Standard DC Program Elements Report for teletype 
transmission 
Data simulation input Definitive Orbit 
Determination System (DODS) tape 
Orbit Determination Files Report for Computer- 
Assisted Interactive ReSOUKCe Scheduling (CAIRS) 
Chebyshev ephemeris tape for PDP-11 
Graphics device for the interactive mode 
Request file 

,GTDS Observation Save File 

c- 2 
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57 

5 8  

5 9  

60 

6 1  

6 2  

63  

64  

- 

6 5  

66 

6 7  

68  

6 9  

70 
71 
72 
7 3  

7 4  

75 
7 6  

77 ’ 

78 
7 9  

a0 

81 

8 2  

DOC. NO. REV. NO. 
SD-85/6738 2 

Description 

Block COMMON Nominal Values File 
Ionospheric Refraction Working File (NOVAK file) 
Solar Flux Permanent File 
GTDS Accounting Information File 
Residual Edit Working File 
Tracking Data Validation Extract File - 
O D s  summary for scope Flight Director Report 
Statistical Output Report (SOR) Data Subset 
Extract File 
Intermediate Ionospheric Refraction Coefficients 
Working File 
Intermediate Ionospheric Refraction Coefficients 
Working File - 8ave unit 
Real-Time Ionospheric Data File 
Tropospheric (scale height and refractivity) Data 
Permanent File (BENT model) 
Direct-access file containing scope prompting 
messages 
User-suppJied input deck for prompting mode 
Permanent satellite ORBIT File for a TDRS relay 
Permanent satellite ORBIT File for a TDRS relay 
Permanent satellite ORBIT File for a TDRS relay 
Graphics Interrupt File 
Jacchia-Roberts Atmosphere File 
GMAN output file (mass/thxust) 
Temporary data set to be used for the ORBl/EPHEM 
File concentric sort 
SLP True-of-Date (TOD) Ephemeris File 
Flight Sectioning File 
Target satellite scratch ORBIT File 
Second ORBl/EPHEM File 
Second sequential ORBIT File with partial 
derivatives (for COMPARE Program) 
Third ORBl/EPHEM File 8 3  

c-3 
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- FRN Description 

84 

85 

86 

87 

88 

Second sequential ORBIT File without partial 
derivatives (for Ephemeris Comparison (COMPARE) 
Program) 
Fourth ORBl/EPHEM File 
Second DA ORBIT File with partial derivatives 
( for  COMPARE Program) 
Fifth ORBl/EPHEM File 
Second DA ORBIT File- without partial derivatives 
(for COMPARE Program) 

\ 

89 Output file when subtasked under (SUI 
90 

91 

Input file (keyword cards) in either subtasked 
mode , 

60-byte format Generalized Data Handler (GDH) 
observations tape input 

92 Error Analysis Summary Report for the printer 
93 Error Analysis data set 
94 Optical aspect input data 
95 DC SOR File 
96 

97 
98 

99 

60-byte format (GDH) observation data base input 
Scratch ORBIT File for a TDRS relay (1) 
Scratch ORBIT File for a TDRS relay (2) 
Scratch ORBIT File for a TDRS relay (3) 

c-4 
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APPENDIX D - DATA MODELS 

A. Earth Potential Field Models 

1 = SA0 1969 Standard Earth 
2 I Earth Potential for Manned Flight Computations 

3 = Goddard Space Flight Center (GSFC) Earth Model 

4 = GSFC Earth Model (GEM 7) 
5 = GSFC Earth Model (GEM 9) 

(EPMFC) 

(GEM 1) 

B, Lunar Potential Field Models 

1 I Lunar Potential Model (Lunar Orbiter 4) 
2 I Lunar Potential Adopted Reference Set 
3 t Lunar Potential for Manned Plight Computations 
4 = Jet Propulsion Laboratory (JPL) 15 x 8 Model 

C. Physical (Astrodynamic) Constants Models 

1 = Current Goddard Trajectory Determination System 
(GTDS) Physical Constants 

D. Flight Sectioning Models 

1 = GEOS (Fixed-Step-Restart) 
2 = IMP-4, Backwards IMP-4, Apollo (2-Sections), Maneuver 

about Moon 
3 = Drag 
4 = Harmonics 

- 5 = Solar Radiation 
6 I Full Force 

D-1 
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E. Atmospheric Density Models 

1 = 1964 Harris-Priester Atmosphere (Min-Max) 
0-1000 kilometers F = 65 

2 = 1964 Harris-Priester Atmosphere! (Min-Max) 
0-1000 kilometers F = 75 

3 = 1964 Harris-Priester Atmosphere (Hin-Max) 
0-1000 kilometers F = 100 

4 = 1964 Harris-Priester Atmosphere (Min-Max) 
0-1000 kilometers F = 125 

5 = 1964 Harris-Priester Atmosphere (Min-Max) 
0-1000 kilometers F = 150 

6 = 1964 Harris-Priester Atmosphere (Min-Max) 
0-1000 kilometers F = 175 

7 = 1964 Harris-Priester Atmosphere (Min-Max) 
0-1000 kilometers F = 200 

18 = 1964 Harris-Priester Atmosphere (Min-Max) 
0-1000 kilometers F = 225 

.9 3 1964 Harris-Priester Atmosphere (Min-Max) 
0-1000 kilometers F = 250 

10 = 1964 Harris-Priester Atmosphere (Min-Max) 
0-1000 kilometers F = 235 

149 
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APPENDIX E - REQUIRED AND OPTIONAL PROGRAM INPUT 

Mandatory keyword cards used in GTDS are presented in 
Table E-1. Required and optional suhdecks are shown in 
Table E - 2 .  

E-1 
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T a b l e  E-1. Mandatory Cards for  Each Program 

149 

U H c y . R I S  GENIRATION 

EARLY ORBIT DETERMlNAflON 

MANDATORY 
KEYWORDS 

EL€MCNTl. 
ELEMI- 
wocn- 
OR-€ 
OESNPUT 

EPOCH 
OBJlNPVT 
OESNUME.' 
Tnf 

NONE 

NONE 

NONE 

NONE 

NONE 

- s 
0 a n 

.Tc(csC K-ROS ARE MANDATORY UNLESS THE EPOCH AND 
IUMENlS ARE TO BE PASSED THROUGH BLOCK COMMON OR 
ARE TO BE READ PROU A JrOAED FILE. IN WHICH CASE A 
W0RICEI.S KEYWORD CAR0 MUSTTHEN BE SPECIFIED IN A 
DATA MANAGEyfETr SUBDfcIc 

ORBIT D%rrRMINATION METHOD IS SELECTED IN WPE KEYWORD 
CARD. 

*%IS IS MANDATORY UNLUS AN AUTOMATIC EARLY 

E-2 
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Table E-2 .  Kequirea ana optional swaeck(s) 
for Each Program 

PROGRAM 

. EPHEMERIS GENERATION 
(EPHEM) 

EARLY ORBIT DETERMINATDN 
(EOARLYORB) 

DATA SIMULATION (DATASIM) 

ERROR ANALYSIS 
(ANALYSIS) 

EPHEMERIS COMPARISON 
( - p a )  

PERMANEMFILE REPORT 
GENERATION (FILERPT) 

REWIRED SUBtECKS 

"E 

"E 

"E 

DMOPT (MUST INDICATE STATIONS) 

DCOPT (ORBm FILE) 
DMOPT (STATIONS) 

COMPOPT 

WOPT 

PFROPT 

OPTIONAL 
SUBOECKS 

OGOPT 
DCOPT 
DMOPT 

OGOPT 

DMom 
mOPT 

OGOPT 
DCOPT 
DMOm 
EooPT 

=OPT 
DCOPT 

NONE 

.NONE 

NONE 

NONE 

E-3 
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APPENDIX F - KEYWORD CARD FUNCTIONAL DESCRIPTION 
AND CROSS-REFERENCE 

This appendix contains two lists to assist the user in 
determining the function of each keyword card and which 
keyword card is used for a particular function. The Goddard 
Trajectory Determination System (GTDS) Keyword Card 
Functional Descriptions (Section F.1) alphabetically list 
all keyword cards, the function of each card, the programs 
for which the keyword cards apply, and subdecks in which the 
keyword cards are included- 
cards are also included, with a list of all keyword cards 
valid for the given subdeck. The Keyword Cross-Reference 
(Section P - 2 )  alphabetically lists by function the switches 
or variables the user might want to modify, along with the 
keywords used to do the modification. 

Subdeck identifier keyword 

F.1 GTDS KEYWORD CARD FUNCTIONAL DESCRIPTIONS 

Kevword 

Alll** * 

ACCREJ 

APOFOCAL 

ATIYOSDEN 

ATMOSEDT 

ATMOSRPT 

Function 

Sets edit acceptance 
criteria (the asterisks 
represent the station 
acronym) 
Activates observation 
editing capability 
Defines sectioning in- 
dicator to cross at the 
apof oca1 point 
Reads atmospheric den- 
sity table in GTDS or DODS 
format and specifies the 
density model 
Sets atmospheric editing 
limits 
Specifies a report of 
Atmospheric Density Models 
File 

Proqram Subdeck , 

DC DMOPT 
DATAMGT DCOPT 

DC DMOPT 
DATAMGT DCOPT 
EPHEIY OGOPT 
DC 

EPHEM OGOPT 
DC 

DC DCOPT 

FILERPT PFROPT 
EPHEM 

. ........-. , .  

F-1 
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Kevword Function 

ATTANGl Sets coefficients of a 
function that describes 
the right ascension or yaw 
angle of the spin axis 

ATTANG2 Sets coefficients of a 
function that describes 
the declination or pitch 
angle of the spin axis 

ATTANG3 Sets coefficients of a 
function that describes 
the roll angle 

attitude coefficients to 
be solved for 

AUTOFORC Allows inclusion of reso- 
n a m e  potential 

AVERAGE Sets Variation of Param- 
eters numerical 
averaging 

BDROTATE Sets rotation rates of 
the bodies 

ATTPAR Specifies number of 

BODYRAD Sets equatorial radii 
for the specified bodies 

BURNFSF Sets the option of orbit 
propagation through burns 
using information from FSF 

CBODY Sets integration central 
body by flight section 

m e * * *  Sets input observation 
noise standard deviation 
for observations in 
60-byte format when the 
SOR is requested 

CMCORR Sets spacecraft antenna 
offsets 

CMPEPHEM Specifies comparison 
start time, comparison end 
time. comparison interval, 
and input files 

bers of two EPHEM Files to 
be compared 

CMPF ILES Selects FORTRAN unit num- 

F-2 
149 

Proqram 

EPH:EM 
DC 
DATASIM 

EPHEM 
DC 
DATAS IM 

EPHEM 
DC 

EPHEM 
DC 

EPHEM 
DC 
EPHleM 
DC 

EPHEM 
DC 
DATASIM 
EPHEM . 
DC 
DATAS IM 
EPHEM 

EPHESM 
DC 
DC 

DC 

COMPARE 

COMPARE 

Subdeck 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

DMOPT 

OGOPT 

COMPOPT 

COMPOPT 
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Keyword 

CMPPLOT 

CMPTITLE 

COMPOPT 

CONSIDER 

CONSTRPT 

CONTROL 

CONVERG 
COVARNC 

CWEIGHT 

Dlblbl* 

- 
DCFDR 

DCOPT 

Function Proqram Subdeck 

Sets COMPARE Program ’ COMPARE COMPOPT 
printer plot options 
Specifies number of COMPARE COMPOPT 
title cards f o r  COMPARE 
Program printer plots 
Sets Cn,m harmonics coef- EPHEM OGOPT 
ficients options and DC 
values EARLYORB 

ANALYSIS 
Initiates Program subdeck COMPARE Subdeck 
processing identi- 

f ier 
Invokes the consider ‘mode DC DCOPT 

Specifies a report of the FILERPT PFROPT 
Astrodynamic Constants EPHEM 
File 
Initiates the input proc-. EPHEM Manda- 
essot in a GTDS program . DC tory 

ANALYSIS 

run EARLYORB 
DATASIM 
ANALYSIS 
COMPARE 
DATAMGT 
FILERPT 

Sets DC iteration control DC DCOPT 
Sets upper triangle of EPHEM OGOPT 
the a priori state DC 
covariance matrix ANALYSIS 
Sets weighting factor con- DC DCOPT 
stants’ for observation ANALYSlS 
handling 
Sets edit deletion criteria DC DMOPT 
(the asterisks represent DCOPT 
the station acronym) 
Specifies that the Orbital DC DCOPT 
Elements Report contain 
osculating or Brouwer mean 
elements 
Initiates DC subdeck 
processing 

DC Subdeck 
EARLYORB identi- 
DATAS IM fier 
ANALYSIS 

F-3 
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Kevword 

DECLVAR 

DISTCB 

DISTNCB 

DMOPT 

DRAG 

DRAGCOF 

DRAGPAR 

DRAGPOLY 

DSPEAl 

DSPEA2 

DSPEA3 

EDIT 

ELEMENT1 

Function 

Sets the a priori standard 
deviations for declination 
or pitch coefficient 
Sets distance from the 
current central body at 
which sectioning is to 
occur 
Sets distance from the 
next central body at which 
sectioning is to occur 
Initiates Data Management 
Subdeck processing 

Sets drag force model 
option for each section 
Sets polynomial coef-. 
ficient of p 1  

Updates drag parameters 
and sets'the drag part.ia1 
derivatives switch 
Sets number of p 1  
coefficients for each 
section 
Sets simulated data track- 
ing schedule 
Specifies input - ephemeris file and end 
simulation timespan 
Specifies various DATASIM 
Program output options 
Sets observation edit 
parameters 
Identifies coordinate 
system and reference cen- 
tral body of the initial 
state and sets first 
three components of state 

149 

Program 

DC 

- 

EPHIW 
DC 

EPHISH 
DC 

EPHPA 
DC 
EAFUOYORB 
DATAS IM 
ANALYSIS 
DAT?!rMGT 
EPHEa 
De 
DC 
EPHEM 
ANALYSIS 
EPHEM 
DC 
ANALYSIS 
DC 
EPHEM 
ANALYSIS 
DATAS IM 
ANALYSIS 
DATASIM 
ANALYSIS 

DATASIM 

DC 

EPHEM 
DC 

F-4 

. .  , .  ~. . . - -  . . . . . . . .  

Subdeck e 
OGOPT 

OGOPT 

OGOPT 

Subdeck 
identi- 
f ier 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

DCOPT 

DCOPT 

DCOPT 

DCOPT 

Manda- 
tory 
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Function Kevword 

ELEMENT2 

Procrram Subdeck 

Sets second three com- 
ponents of the initial 
state 
Defines ellipsoid model 
for conversion of tracking 
station coordinates 
Specifies a report of the 
GTDS Permanent Elements 
File 
Specifies a report of the 
GTDS 24-Hour Hold Elements 
File 
Identifies the end of a 
subdeck 

EPHEM 
DC 

Manda- 
tory 

ELLMODEL DATAS IM 
DC 

DCOPT 

ELSRPT FILERPT 
EPHEM 

PFROPT 

ELS24RPT FILERPT 
EPHEM 

PFROPT 

EM) EPHEM 
DC 
EARLYORB 
DATASIM 
ANALYSIS 
COMPARE 
FILERPT 
DATAMGT 
EARLYORB 

A1 1 

EOINTRVL 

EPHMERGE 

EPHQLCRT 

Sets minimum time differ- 
ence between observations 
Specifies ephemeris merge 
criteria 
Specifies printout of 
selected data points from 
EPHEM or ORB1 Files 
Specifies the epoch of the 
initial conditions 

Manda- 
tory 
COMPOPT COMPARE 

EPHEM 
DC 

OGOPT 

EPOCH EPHEM 
DC 
EARLYORB 
FILERPT 
EPHEM 

Manda- 
tory 

EPOTRPT Specifies a report of the 
Earth Potential Fields 
File 
Indicates end of a program 
input deck 

PFROPT 

FIN EPHEM 
DC 
EARLYORB 
DATAS IM 
ANALYSIS 
COMPARE 
DATAMGT 
FILERPT 
EPHEM 
DC 
DATAS IM 

Manda- 
tory 

Sets inverse values of the 
flattening coefficients 

FLATCOEF OGOPT 

F-5 
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Kevword 

GEODRPT 

GMCON 

HARMONIC 

HISTPLOT 

HSTSCALE 

IMPACT 
IMPULSE 

INTCRPT 

INTEG 

INTEROUT 

INTMODE 

LIFETIME 

LNDPAR 

LOWBOUND 

LPOTRPT 

MANMASS 

MANTIME 

REV. NO, 
2 

Function 

Specifies a report of the 
Tracking Station Geodetics 
File 
Sets gravi t a t ional 
constants for specified 
bodies 
Reads harmonic table 

Sets element plot options 

Sets scales f o r  element 
plots 
Enables impact modeling 
Sets impulsive maneuver 
velocity increments 
Specifies a report of the 
Integration Coefficients 
File 
Sets numerical integra- 
tion parameters 
Requests intermediate 
output from selected sub- 
routines 

Sets integration step 
size control mode 
Sets orbit generator in 
the lifetime study mode 
Sets data for processing 
landmark observations 
Sets step size control 
lower truncation error 
bound 
Specifies a report of the 
Lunar Potential Fields 
File 
Sets the satellite mass 
required to compute im- 
pulsive maneuvers 
Sets time of impulsive 
maneuver 

- Proqram 

FILERPT 
EPHEM 

EPHEM 
DC 

EPHjeM 
DC 
EARILYORB 
EPWA 
COMI?ARE 
EPHFA 
COMPARE 
EPHEM 
EPH€W 
DC 
F ILERPT 
EP- 

EPHEM 
DC 
EPHEM 
DC 
DATAS IM 
ANALYSIS 
EPHEM 
DC 
EPHEM 

DC 

EPHEM 
DC 

FILERPT 
EPHEIM 

EPHElY 
DC 

EPHEM 
DC 

Subdeck 

PFROPT 

OGOPT . 

OGOPT 

OGOPT 
COMPOPT 
OGOPT 
COMPOPT 
OGOPT 
OGOPT 

PFROPT 

OGOPT 

OGOPT 
DCOPT 

OGOPT 

DMOPT 

OGOPT 

OGOPT 

PFROPT 

OGOPT 

OGOPT 

F-6 
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Kevword Function - 
MANURPT 

MAPTIMES 

MASS 

MASSRATE 

MAXDEGEQ 

MAXDEGVE 

MAXOBS 

MAXORDEQ 

MAXORDVE 

MAXSECT 

MEANEL 

MIXPAIR 

MODDC 

Specifies a report of the 
Impulsive Maneuvers File 
Allows mapping of the 
epoch covariance matrix to 
other times 
Sets the spacecraft mass 
by flight section 
Sets the spacecraft mass 
rate by flight eection 
Sets maximum degree to 
be used in evaluating the 
nonspherical potential o f  
the central body for the 
equations of motion 
Sets maximum degrees 
to be used in evaluating 
the nOn8pheriCal potential 
of the central body for 
the variational equations 
Sets maximum number of 
observations in the 

Sets maximum order to 
be used in evaluating-the 
nonspherical potential of 
the central body for the 
equations of motion 
Sets maximum order to 
be used in evaluating the 
nonspherical potential o f  
the central body for the 
variational equations 
Sets number of flight 
sect ions 
Sets numerical 
osculating-to-mean element 
conversion options 
Indicates mixing of a pair 
of SOR categories as a 
single SOR category 
Indicates that the 
Marquardt algorithm will 
be used in the DC Program 

.observation working file. 

Proqram Subdeck 

FILERPT PFROPT 
EPHEM 
ANALYSIS DCOPT 

EPHEM OGOPT 
DC 
EPHEM OGOPT 
DC 
EPHEM OGOPT 
DC 

EPHEM OGOPT 
DC 

DC DMOPT 
DATAMGT 

c 

EPHEM OGOPT 
DC 

EPHEM OGOPT 
DC 

EPHEM OGOPT 
DC 
EPHEM OGOPT 
DC 

DC DMOPT 

DC DCOPT 

F-7 
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Keyword 

NCBODY 

NOIMIN 

NOIS**** 

NOMBOUND 

NPQPAR . 

OASENSOR 

OBSCORR 

OBSDEV 

OBSINPUT 

OBSNUME 

OGOPT 

ORBTYPE 

OUTBODY 

OUTCOORD 

REV. NO. 
2 

Function 

Sets noncentral bodies for 
each section 
Sets minimum valid points 
to perform noise analysis 
Sets noise determination 
criteria 
Sets nominal truncation 
error bound for step 
size control 
Sets Brouwer-Lyddane Np,q 
coefficient values 
Sets attitude sensor data 
values and options 
Sets observation correc- 
tion parameters 

Sets input Observation 
noise standard deviation 
for observations in 
60-byte format when SOR is 
not requested and for 
observations in 100-byte 
format 
Specifies ObSeKVatiOnS in- 
put sources 
Selects observation num- 
bers and types for the 

Initiates orbit generator 
subdeck processing 

'EARLYORB Program 

Selects orbit generator 
type and sets certain 
related parameters 
Sets additional optional 
output reference bodies 
by flight section 
Sets output coordinate 
system orientation by 
flight sections 

P r ocl r am 

EPHE:M 
DC 
DC 

DC 

EPHEM 
DC 

EPHEM 
DC 
DC 
DATAS IM 
DC 
DATAS IM 
ANALYSIS 
DC 
ANALYSIS 
DATAS IM 

DC 
EARLYORB 
EARL'YORB 

EPHEM 
DC 
DATAS IM 
EARLYORB 
A N A L Y S  IS 
EPHEM 
DC 

EPHEE! 
DC 

EPHEbI 

Subdeck ~ 

OGOPT 

DMOPT 

DMOPT 

OGOPT 

OGOPT 

DCOPT 

DCOPT 

DMOPT 

Manda- 
tory 
Manda- 
tory 

Subdeck 
identi- 
f ier 

Manda- 
tory 

OGOPT 

OGOPT 

F-8 
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Keyword 

OUTOPT 

OUTPART 

OUTPUT 

OUTTYPE 

PARTRTMS 

PASSTIME 

PFROPT 

PICBIAS 

POLAR 

POTFIELD 

PRINTOUT 

-**** 

RAMBOPT 

RAPRIME 
i 

RATIME 

RCACB 

RCANCB 

Function - 
Selects ephemeris file 
output 
Sets output for state 
partial derivatives by 
flight section 
Specifies orbit generator 
printer output 
Sets printer output ref- 
erence system by flight 
sect ion 
Specifies options for the 
Partial Tracking Report 
Defines a pass for pass- 
dependent biases 
Initiates Permanent File 
Report subdeck processi’ng 

Sets landmark camera/ 
picture biases options 
Sets polar motion option 
switch for each flight 
section 
Indicates if retrieval of 
potential field data is 
required 
Sets Observation Residual 
Report frequency 
Keyword to override small 
range ambiguities 
Sets range ambiguity com- 
putation option 
Sets the right ascension 
of the prime meridian of 
the specified body 
Sets RCA sectioning switch 
for a central body 
Sets RCA sectioning switch 
for a central body 
Sets RCA for the next 
central body sectioning 
condition 

Proqram Subdeck 

EPHEM OGOPT 
DC 
EPHEM OGOPT 

EPHEM Manda- 

EPHEM OGOPT 
tory 

ANALYSIS DCOPT 

DC DCOPT 

F I LERPT Subdec k 
EPHEM identi- 

DC OGOPT 
f ier 

EPHEM 
DC . 

EPHEM 
DC 

DC 

DC 

DC 

EPHEM 

EPHEM 
DC 
EPHEM 
DC 
EPHEM 
DC 

OGOPT 

OGOPT 

DCOPT 

DCOPT 

DCOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

F-9 
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Kevword Function - Procrram 

RELAYID Specifies relay satellite DATAS I M 
identification number 

RESTART Sets the integration 
starter method 

EPHEM 
DC 

ROLLVAR Sets the a priori standard DC 
deviations of roll coeffi- 
cients 

deviation of right ascen- 
sion or yaw coefficients 

RTASCVAR Sets the a priori standard DC 

RTSATID Specifies all satellite IDS DC 
for which partial batch m L Y O R B  
date are to be requested 

reques t parameters EARILYORB 
RTPARAMS Specifies the partial batch DC 

RSTA* * Specifies the tracking DC 

batch data are to be 
requested 

RSYS* * * *  Specifies the tracking DC 
system for which partial EARLYORB 
batch data are to be 
requested 

station for which partial EARLYORB 

SAMPLRTE Sets edit acceptance 
criteria by time 

DC 

SAVE Specifies the option to DC 
save the Observations 
Working File 

SATGROUP Specifies satellite group- DC 
ing option in the Data 
Management subsection 

SCAREA Sets the spacecraft cross- EPHEM 
sectional area by flight DC 
section 

(area, mass, and radius) DC 
SCPARAM Sets spacecraft parameters EPHEM 

ANALYSIS 
SCPARAM2 Sets cylindrical space- EPHEM 

craft parameters and DC 
paddle configuration 

Flight Sectioning Models EPHEIM 
File 

SECTRPT Specifies a report of the FILERPT 

Subdeck 

DMOPT 

OGOPT 

OGOPT ' 

OGOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 

DCOPT 

DMOPT 

OGOPT 

OGOPT 

OGOPT 

PFROPT 
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Kevword 

SELOUT 
SHELLRAD 

SLPBODY 

SLPCOORD 

SLPDEG 

SLPELRPT 

SLPFILE 

SLPRPT 

SNM 

SOLRAD 

SOLRDPAR 

Function 

Sets generation of SOR 
Sets radial distance and 
step size for the integra- 
tor when using the shell 
mode 
Sets central and non- 
central bodies for gen- 
erating the-SLP Ephemeris 
Working File 

Specifies SLP ephemeris 
coordinate system 
reference 

Sets degree of cutvefit 
for SLP bodies and rota- 
tion matrixes 

Specifies a report of the 
SLP Ephemeris File by body 
Indicares source of SLP 
data to be used in crest- 
ing SLP Working File 

Specifies a report of the 
SLP Ephemeris File by 
matrix order 
Sets Sn,m harmonic coef- 
ficients options and 
values 

Sets the force model solar 
radiation switch for each 
section 
Sets solar radiation 
parameter and .sets 
solar radiation partial 
derivatives switch 

Prouram Subdeck 

DC DMOPT 
EPHEM OGOPT 
DC 

EPHEM DMOPT 
DC 
DATASIM 
DATAMGT 
A N U Y  s I s 
EPHEM 
Dc 
DATASIM 
DATAMGT 
ANALYSIS 
EPHEM 
Dc 
DATASIM 
DATAMGT 
ANALYSIS 
FILERPT 
EPHEM 
EPHEM 
DC 
DATASIM 
DATAMGT 
‘ANALYSIS 
FILERPT 
EPHEM 

EPHEM 
DC 
EARLYORB 
ANALYSIS 

DMOPT 

DMOPT 

PFROPT 

DMOPT 

PFROPT 

OGOPT 

EPHEM OGOPT 
DC 
ANALYSIS 
EPHEM OGOPT 
DC 
ANALYSIS 
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Keyword 

SORINPUT 

SORVALID 

SPHERE 

SPHINF 

SSCOVAR 

SSELEM1 

SSELEMZ 

SSEPOCH 

SSOPT 

SSTSIM 

STATEPAR 

STATETAB 

STEPS I ZE 

14 9 

Function 

Sets SOR editing param- 
eters 
Sets data validity check 
overt ides 
Sets sphere of influence 
for the planetary bodies 
Sets the sectioning param- 
eter to cross at the point 
of change in the sphere of 
influence 
Sets the upper triangle of 
the a priori state covari- 
ance matrix for a relay 
sate1 li te 
Identifies coordinate 
system and solve status of 
the initial state of the 
relay satellite and sets 
first three components of 
the state 
Sets second three com- 

- ponents of the initial 
state of the relay satel- 
lite 
Sets the epoch for the 
relay satellite 
Sets orbit generator type 
and spacecraft parameter 
f o r  the relay satellite 
Sets parameters used in 
simulating SST data 
Sets state vector partial 
derivatives switch to 
compute state partial 
derivatives or to indicate 
state solve-for parameters 
Sets required state param- 
eters components for 
computation of partial 
derivatives and/or solve- 
for state parameters 
Sets integration step 
size by flight section 

F-12 

- Program 

DC 

DC 

EPHlEM 
DC 
EPHEM 
DC 

DC 

DC 

DC 

DC 

DC 

DATAS IM 

EPHEM 
DC 
ANALYSIS 

EPHEIY 
DC 
ANALYSIS 

EPHEll 
DC 

Subdec k 

DMOPT 

DMOPT 

OGOPT 

OGOPT 

DCOPT 

DCOPT 

DCOPT 

DCOPT 

DCOPT 

DCOPT 

OGOPT 

OGOPT 

OGOPT 
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Reword 

TDRBATCH 

TDRCOVl 

TDRCOV2 

TDRCOV3 

TDRELEMl 

TDRELEM? 

TDREPOCH 

TDRFILES'  

TDR I D  

TDRMODEQ 

TDRMODVE 

TDROBSIN 

TDROPT 

TDRORB 

Function 

Sets TDRSS SOR batching 
criteria overrides 
Sets the a priori covar- 
iance matrix for a TDRS 
relay 
Sets the a priori covar- 
iance matrix for a TDRS 
relay 
Sets a priori covariance 
matrix for a TDRS relay 
Sets first three compo- 
nents of the initial 
state vec,tor for a TDRS 
relay 
Sets second three com- 
ponents of the initial 
state vector for a TDRS 
relay 
Sets the epoch of a TDRS 
relay 
Specifies creation of out- 
put ORBIT Files for a TDRS 
relay 
Sets TDRS relay identifier 
and international 
designator 
Sets Order and degree of 
potential used in the 
equations of motion for ai 
TDRS relay 
Sets order and degree of 
potential used in the 
equations of motion for a 
TDRS relay 
Sets TDRS relay observa- 
tion data input override 
flags 
Specifies processing of 
the TDROPT subdeck 

S e t s  Orbit generator and 
spacecraft parameters 
for a TDRS relay 

Proqram Subdeck 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 

DC TDROPT 
DATAMGT 

DC Subdeck 
identi- 
fier 

DC TDROPT 

149 
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Kevword Func t i on 

TDRREFLC Sets solar reflectivity 

TDRSCPRM Sets spacecraft patameters 
TDRSTEP Sets integration step 

size for a TDRS relay 
TDRSTPAR Sets state solve-for param- 

eters for a TDRS relay 
TDRWKELS Specifies retrieval of 

initial state elements for 
a TDRS relay 

TDRXPNDR Sets satellite transpond.er 
delays 

THRSTCQF Sets polynomial coeffi- 
cients of thrust to be 
used by flight section 

THRSTPAR Sets number of polynomial 
coefficients of thrust to 
be solved for by flight 
section 

THRSTVAR Sets variance of thrust 
accelerations, vehicle 
right ascension and 
declination 

THRUST Sets finite thrust option 
for each flight section 

THSHORTl Sets FSF output option, 
maximum number of itera- 
tions, maximum freeze 
number, and maximum 
tolerance in position 

THSHORT2 Sets user's output option, 
matrix option, and maximum 
tolerance in velocity 

THSHORT3 Sets changes in pitch, yaw, 
and thrust acceleration for 
the correction matrix 

THSHORT4 Sets changes in pitch rate, 
yaw rate, and thrust accel- 
eration rate for the cor- 
rection matrix 

for a TDRS relay 

- P r o qr am 

DC 

DC 
DC 

DC 

DC 

DC 

EPHE'M 
DC 

EPHEM 
DC 

EPHEM 
DC 

EPHEM 
DC 
=DEL 

THMOIIEL 

THMODEL 

THMODEL 

Subdeck 

TDROPT 

TDROPT 
TDROPT 

TDROPT 

TDROPT 

TDROPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

F-14 
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Keyword 

THSHORTS 

THSOFNO 

THTAB 1 

THTAB2 

TIMES ' 

TIMREG 

TIMREGDV 

TITLE 

TOF 

TOLER 

TRACKELV 

TRNDLY 

TWOBODY . 
TYPE 

Function - 
Sets maneuver number, rec- 
ord numbers, time of igni- 
tion and burnout, and 
integration step size 
Sets thrust solve-for 
flags 
First.table definition 
(GMAN output) 
Second table definition 
(GMAN output) 
Sets run reference date 
and EPHEM Program print 
start time 
Sets section-dependent 
time regularization con- 
stant of the spacecraft 
radius 
Sets section-dependent 
time regularization step 
size constant 
Sets GTDS run, atmospheri,c 
density, Earth potential, 
lunar potential, OK run 
title 
Sets time of flight at 
which sectioning is to 

Sets integration tol- 
erances t o - b e  used for 
all flight sections 
Sets minimum allowable 
elevation angle 

OCCUK 

Sets station transponder 
delay table 
Sets two-body option in 
the force model for each 
section 
Selects method and param- 
eter estimates for 
EARLYORB Program computa- 
tion 

DOC. NO. 
SD-05/6738 

Pr ogr am 

THMODEL 

DC 
EPHEM 

' DC 
EPHEM 
DC 
EPHEM 
EPHEM 

EPHEM 
DC 

EPHEM 
DC 

EPHEM 
DC 
DATAS IM 
ANALYS I S 
EPHEM 
DC 

EPHEM 
DC 

DC 
DATAS IM 
ANALYSIS 
DC 
DATASIM' 
EPHEM 
DC 

EARLYORB 

REV. NO. 
2 

Subdeck 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

OGOPT 

DCOPT 

DCOPT 

OGOPT 

Manda- 
tory 

149 
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Reword Function 

UPPBOUND Sets upper truncation 
error bound by flight sec- 
tion 
Sets the time and height 
intervals between data 
points of variable-step 
EPHEM Files 

WORKATM Builds thd Atmospheric 
Density Working File from 
the Astrodynamic Constants 
File 

Constants Working Pile 
from the Astrodynamic 
Constants Pile 

ing file 

detics Working Pile 

VAREPHEM 

WORKCON Builds the Astrodynamic 

WORKELS Builds the element work- 

WORXGEO Builds the Station Geo- 

WORKINT Builds the Integration 
Coefficients Working 
File . 

fraction Working File 
WORK I ON0 Builds the Ionospheric Re- 

WORKMAN Builds the Impulsive Ma- 
nquvers Working File 

WORKOBS Builds the Observations 
Working File 

WORKSECT Builds the Flight Section- 
ing Working File 

WORKTCOR Sets flag for retrieval of 
data from Time Conversion 
Coefficients File 

Pr oqr am 

EPHEM 
DC - 

DC 
EPHEM 

EPHEM 
DC 
DATAMGT 

E P K W  
DC 
DATAMGT 

EPHlSM 
DaTMGT 
EARLYORE 
ANALYSIS 
DATMGT 
EPHEM 
DC 
DATAMGT 
EPHEM 
DC 
DATAS I M  
DATAMGT 
ANAI,Y s I s 
EPHEM 
DC 
DATAMGT 
DATAHGT 

EPHEM 
DC 
DATAMGT 
EPHEM 
DC 
DATAMGT 

Su bdeck 

OGOPT 

OGOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 

DMOPT 
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Kevword 

/*******I 

/ * * * * * * * a  

/ *******3  

/ * * * * * * * 4  

# 

/ * * * * * * * 7  

/*******g 

Function - 
Station Card 1 - defines 
the station type and p o s i -  
tion (asterisks represent 
the station name) 

Station Card 2 - defines 
station-dependent data 
(asterisks represent 
station name) 

Station Card 3 - defines 
observation types for DC 
residual plots (asterisks 
represent station name) 
Station Card 4- .defines 
the standard deviation of 
station position when 
solving for station posi-. 
tion (asterisks represent: 
station name) 
Station Card 5 - defines 
station bias information 
(asterisks represent 
station name) 
Station Card 6 - defines 
observation corrections 
for a specified station 
(asterisks represent 
station name) 
Station Card 7 - defines 
miscellaneous schedule 
data (asterisks represent 
station name) 
Station Card 8 - defines 
observation type and 
station error lasterisks 
represent the station 
name) 
Station,Card 9 - defines 
tracking interval 
(asterisks represent 
station name) 

Pr oqr am Subdeck 

DC DCOPT 
EARLYORB DMOPT 
DATASIM 
ANALYSIS 
DATAMGT 
DC DCOPT 
EARLYORB DMOPT 
DATAS IM 
ANALYSIS 
DATAMGT 
DC DCOPT . 
DC DCOPT 
ANALYSIS 

DC DCOPT 
DATASIM 
ANALYSIS 

DC DCOPT 
DATASIM 
ANALYSIS 

DATAS IM DCOPT 
ANALYSIS - 
DATASIM DCOPT 
ANALYSIS 

DATASIM DCOPT 
ANALYSIS 

F-17 
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F.2 KEYWORD CROSS-REFERENCE 

Function 

Accept observations 
Accept/reject observations 
Analytical partial derivatives 
Angle phi for DODS unknowns 
Antenna offset correction 
Apofocal point for sectioning 
Area of spacecraft 
Area of relay spacecraft 
Astrodynamic Constants Permanent File Report 
Astrodynamic Constants Working File 
Atmospheric density model section 
Atmospheric Density Permanent File Report 
Atmospheric density table 

Atmospheric Density Working File 
Atmospheric editing limits 
Attitude angles 

Attitude sensor data value and options 
Batching criteria for SOR 

& 

Bias pass 
Bodies, central and noncentral for 
SLP ephemeris 
Body, central 

Body, mean equatorial radius 
Body, noncentral 

Body, output reference 
Body rotation rate 
Brouwer drag coefficients 

Kevword 

Abbb** * 
ACCREJ 
STATEPAR . 

STATEPAR 
CMCORR 
APOFOCAL 
SCPARAM 
SSOPT 
CONSTRPT 
WORKCON 
ATMOSDEN 
ATMOSRPT 
ATMOSDEN 
WORKATM 
ATMOSEDT 

. ATTANGl 
ATTANG2 
ATTANG3 
OASENSOR 
SELOUT 
TDRBATCH 
MIXPAIR 
PASSTIME 
SLPBODY 

CBODY 
ELEMENT1 
SLPBODY 
BODYRAD 
NCBODY 
SLPBODY 
OUTBODY 
BDROTATE 
NPQPAR 

P-18 
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Function Keyword 
Central body, initial conditions ELEMENT1 
Central body, integration CBODY 
Central body, SLP ephemeris 
Closest approach to central body 

SLPBODY 
RCACB 

Closest approach to noncentral body RCANCB 
Cnem harmonic coefficients 

Cn,lp partial derivatives, standard 
deviations 
Coefficients, harmonic 

CNM 
HARMON IC 
C N M  

HARMONIC 
CNM 
SNM 

Coefficients, integration WORKINT 
Coefficients, inverse of flattening FLATCOEF 
Coefficients of thrust 

Comparison, ephemeris files 
Comparison interval 
Comparison plot options 

Comparison plot title 
Comparison times 
Consider mode 
Convergence ratio (DC Program) 
Coordinate system orientation, 
tion (first three components) 
Coordinate system orientation, 

THRSTCOF 
THR S TPAR 
CMPEPHEM 
CMPEPHEM 
CMPPLOT 
HISTPLOT 
HSTSCALE 
CMPTITLE 
CMPEPHEM 
CONSIDER 
CONVERG 

initial condi- ELEMENT1 

initial condi- SSELEMl 
tion (first three components) of an ATSR relay 
satellite 
Coordinate system orientation initial condi- 
tions (first three components) of a TDRS relay 
sat el li te 
Coordinate system orientation, initial condi- ELEMENT2 
tion (second three components) 
Coordinate system orientation, initial condi- SSELEM2 
tion (second three components) of relay TDRELEM2 

TDRELEMl 

sate1 1 ite 

F-19 
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Function _I 

Coordinate system orientation, integration 
Coordinate system orientation, maneuvers 
Coordinate system orientation, output from an 
EPHEM Program run 
Coordinate system orientation, SLP ephemeris 
Coordinate type, initial condition 

Coordinate type, initial condition of relay 
satellite 

Cootdinate type, output 
Covariance matrix, mapping of state 
Covariance matrix, ATSR relay satellite state 
Covariance matrix, TDRS relay satellite state 

Covariance matrix, state 
Create Observation Working File 
DATASIM Program input specification . 

DATASIM Program output options 
DATASIM Program output type 
DATASIM Program times 

Declination, polynomial or trigonometric 
coefficients 
Declination, solving for and computing partial 
derivatives 
Degree, equations of motion 
Degree, equations of motion for a TDRS relay 
satellite 
Degree, variational equations 
Degree, variational equations for a TDRS relay 
sate1 1 it e 
Degree of curve-fit for rotation matrices and 
noncentral bodies 

Keword 

ORBTYPE 

IMPULSE 
OUTCOORD 

SLPCOORD 
ELEMENT1 
ELEMENT2 
SSELEMl 
SSELEM? 
TDRELEMl 
TDRELEM2 
OUTTYPE 
STATEPAR - 
SSCOVAR 
TDRCOVl 
TDRCOV2 
TDRCOV3 
COVARNC 
WORKOBS 
DSPEA2 
DSPEA3 
DSPEAl 
DSPEAl 
DSPEA2 
ATTANG2 

ATTPAR 

MAXDEGEQ 
TDRMODEQ 

MAXDEGVE 
TDRMODVE 

SLPDEG 
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Function Kevword 

Delete observations D I I I *  * * 
Delimiters END 

FIN 
Density table ATMOSDEN . 
Distance from current central body for section- D I STCB 
ing to occur 
Distance from next central body for sectioning D I STNCB 
to occur 
Drag 
Drag coefficients 
Drag parameters and partial derivatives 

DRAG 
DRAGCOF 
DRAGPAR 

Drag parameter sectioning DRAGPOLY 
EARLYORB Program method selection TYPE 

EPOTRPT Earth Potential Fields File report 
Edit parameters EDIT 
Edit parameters, SOR SOR INPUT 

Elements, initial condition ELEMENT1 
ELEMENT2 
EPOCH 

Elements, initial condition of relay satellite SSELEMl 
SSELEMZ 
SSEPOCH 
TDRELEMl 
TDRELEMZ 
TDREPOCH 

Elements, GTDS Permanent File report 
Elements, working file 
Elements, 24-Hour Hold Elements File report 
Elevation angle, minimum allowable 
Ellipsoid model . 

End time, DC Program data span 
End time, EPHEM Program print arc 
End time, EPHEM, ORB1, or ORBIT File 
Ephemeris merge 
Ephemeris output files (EPHEM, ORB1, ORBIT) 
Epoch specification, initial conditions 

ELSRPT 
WORKELS 
ELS 2 4RPT 
TRACKELV 
ELLMODEL 
OBSINPUT 
OUTPUT 
OUTOPT 
EPHMERGE 
OUTOPT 
EPOCH 
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Function - 
Epoch specification, initial conditions of an 
ATSR relay satellite 
Epoch specification, initial conditions of a 
TDRS relay satellite 
Equations of motion, degree 
Equations of motion, degree (relay satellite) 
Equations of motion, order 
Equations of motion, order (relay satellite) 
Equations of motion, order for Cowell 
integrator 
Equatorial radius 
ANALYSIS Program input specification 
ANALYSIS Program times 

FORTRAN unit numbers of two files to be compared 
GMAN table definition 

Gravitational constants for specified bodies 
Impact modeling eable 
Impulsive Maneuvers File 
Input processor, initiate 
Integration, 

Integration, 

Integration, 
Integration, 

Integration 
Integration 
Integration 
Integration 
Integration 
variational 
Integration 
Integration 

lower truncation error bound of 

nominal truncation error bound of 

shell mode 
upper truncation error bound of 

central body 
Coefficients File Report 
Coefficients Working File 
coordinate system orientation 
order (equations of motion and 
equations) 
starter 
step mode 

Kevword 
SSEPOCH 

TDREPOCH 

MAXDEGEQ . 
TDRMODEQ 
MAXORDEQ 
TDRMODEQ 
INTEG 

BODYRAD 
DSPEAZ 
DSPEAl 
DSPEAZ 
CMPFILES 
THTAB1 
THTABZ 
GMCON 
IMPACT 
MANURPT 
CONTROL 
LOWBOUND 
TOLER 
NOMBOUND 
TOLER 
SHELLRAD 
TOLER 
UPPBOUND 
CBODY 
INTCRPT 
WORKINT 
ORBTYPE 
INTEG 

RESTART 
ORBTYPE 
INTMODE 
SHELLRAD 
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Function 

’ Integration step size 

Integration tolerances 
Integration type 
Intermediate output 
Inverse of flattening coefficients 
Ionospheric Refraction Working File 
Iteration control 

Jacchia-Roberts density model- 
Landmark camera/picture biases 
Landmark Ob8efVatiOnS processing 
Level of ORBIT File 

Lifetime study 
Lower truncation error bound 

Lunar Potent.ia1 Fields File Report 
Maneuver s 

Maneuvers model, working file 
Mapping of epoch covariance matrix 
Mapping of s t a t e  covariance matrix 

Marquardt algorithm 
Mass, area, and diameter of relay spacecraft 

Mass, area, and diameter of spacecraft 
Mass, area, and diameter of a TDRS spacecraft 
Matrices, degree of curve-fit (SLP ephemeris) 
Matrix, relay satellite state covariance 

Kevword 

ORBTYPE 
SHELLRAQ 
STEPSIZE 
TDRSTEP 
TOLER 
INTEG 
INTEROUT 
FLATCOEF 
WORRIONO 
CONVERG 
TOLER 
ATMOSDEN 
PICBIAS 
LNDPAR 
OUTOPT 
TDRFILES 
LIFETIME 
LOWBOUND 
TOLER 
LPOTRPT 
IMPULSE 
MANMASS 
MANTIME 
WORKMAN 
MAPTIMES 
STATEPAR 

MODDC 
SSOPT 
TDRSCPRM 
SCPARAM 
TDRSCPRM 
SLPDEG 
SSCOVAR 
TDRCOVl 
TDRCOV2 
TDRCOV3 

1 4 9  
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0 Function - Kevword 

Matrix, state covariance COVARNC 
Matrix analysis, normal (DC Program) 
Maximum number of DC Program iterations 
Mean equatorial radius 
Merge of two EPHEM Files or ORB1 Files 
Minimum allowable elevation angle 
Minimum step size for integration 
Multistep starter, integration 
Noise standard deviation, observations 

Noise determination criteria 
Nominal trunca.tion error bound 

Noncentral body 
Noncentral body, degree of curve-fit (SLP) 
Noncentral body (SLP ephemeris) 
Normal matrix analysis or inverse test (DC 
Program) 
NPQs, Brouwer drag coefficients 
Number of flight sections 
Numerical averaging, VOP 
Numerical integration type 
Numerical partial derivatives 
Observations acceptance criteria 
Observation accept/reject criteria 
Observation cards 

Observation correction parameters 
Observation deletion criteria 
Observation edit parameters 
Observation (maximum number) 
Observation noise standard deviation 

F-24 
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- CONVERG 
CONVERG 
BODYRAD - 
EPHMERGE 
TRACKELV 
TOLER 
RESTART 
c m *  * 
OBSDEV 
NO1 S * * 
NOMBOUND 
TOLER 
NCBODY 
SLPDEG 
SLPBODY 
CONVERG 

NPQPAR 
MAXSECT 
AVERAGE 
INTEG 
STATEPAR 
Alll* * * * 
ACCREJ 
OBSINPUT 
WORROBS 
OBSCORR 
Dll1* * * 
EDIT 
MAXOBS 
CHWT* * * * 
OBSDEV 
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Function 
Observation numbers, set for EARLYORH Program 
Observation residual output frequency 
Observation source (DODS format) 
Observation source (GTDS format) 
ObSeKVdtiOn source overrides for TDRS relay 
Observation weighting factor constant 
Observation Working File creation 
Orbit comparison 

Orbit generator reference date 
Orbit generator type 
Orbit generator type, relay satellite! orbit 

Orbital Elements Report 
ORBIT File (output) generation for TDRS relay 
O R B l  or ORBIT File (EPHEM Program run) 
ORBl or ORBIT File comparison 

- Orientation of coordinate system for output 
Order, equations of motion 
Order, equations of motion for a TDRS relay 
satellite 
Order, integration 
Order, variational equations 
Order, variational equations for a TDRS relay 
satellite 
Osculating-to-mean element procedure, default 
modifications 
Output coordinate system orientation 
Output coordinate type 

Output frequency, observation residuals 
Output interval (EPHEM or ORBl File) 
Output partial derivatives option 

REV. NO. - 

Keword 
OBSNUME 
PRINTOUT 
OBSINPUT 
OBSINPUT . 

TDROBS IN 
CWEIGHT 
WORKOBS 
CMPEPHEM 
CMPPLOT 
CMPTITLE 
TIMES 
ORBTYPE 
SSOPT 
TDRORB 
DCFDR 
TDRFILES 
OUTOPT 
CMPEPHEM 
CMPPLOT 
CMPTITLE 
OUTCOORD 
MAXORDEQ 
TDRMODEQ 

INTEG 
MAXORDVE 
TDRMODVE 

MEANEL 

OUTCOORD 
OUTTYPE 
OUTPUT 
PRINTOUT 
OUTOPT 
OUTPART 
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Output reference body 
Output reference system 
Output to printer (EPHEM Program run) 
Paddle configuration, spacecraft parameters 
Parameters, TDRSS 
Partial batch request parameters 
Partial batch, satellite ID request 
Partial batch, tracking station request 
Partial batch, tracking system request 
Partial derivatives, analytical 
Partial derivatives, declination 
Partial derivatives, drag 
Partial derivatives, harmonics 

Partial derivatives, numerical 
Partial derivatives, output 

Partial derivatives, pitch angle 
Partial derivatives, right ascension 
Partial derivatives, roll angle 
Partial derivatives, solar radiation 
Partial derivatives, solar radiation for a TDRS 
relay satellite 
Partial derivatives, state vector 

Partial derivatives, state vector for a TDRS 
relay satellite 
Partial derivatives, yaw angle 
Partial tracking report, option specification 
Pass, bias 
Pass, type 
PCE observations 
Perturbation tape option 
Pitch angle, polynomial or trigonometric 
coefficients 
Pitch angle, solving for and’computing partial 
derivatives 
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Kevword e 
OUTBODY 
OUTTYPE 
OUTPUT 
SCPARAMZ 
TDRSCPRM 
RTPARAMS 
RTSATID 
RSTA* * 
RSYS* * * 
STATEPAR 
ATTPAR 
DRAGPAR 
CNM 
SNM 
STATEPAR 
OUTPART 
OUTOPT 
ATTPAR 
ATTPAR 
ATTPAR 
SOLRDPAR 
TDRREFLC 

STATEPAR 
STATETAB 
TDRSTPAR 

ATTPAR 
PARTRTMS 
PASSTIME 
PASSTIME . 

OBSINPUT 
ORBTYPE 
ATTANG 2 

ATTPAR 
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Function Keword 

Plor, options 
Plot, orbit comparison 
Plot, scales 
Plot title, orbit comparison 
Polar motion option 
Polynomial coefficients of vehicle delclination 
or pitch angle 
Polynomial coefficients of vehicle ri.ght ascen- 
sion or yav angle 
Polynomial coefficients of vehicle roll angle 
Potential field retrieval 
Quality control of EPHEM or ORB1 Files 
Radial distance for integration, shell mode 
Radius, mean equatorial 
Radius of closest approach, central body 
Radius of closest approach, noncentral body 
Range ambiguity override 
Range ambiguity algorithm 
Reference body, initial conditions 
Reference body, integration 
Reference body, output 
Reference date 

c 

Reference output system 
Refraction, Ionospheric Working File 
Reject/accept observations 
Relay satellite identification number 
Report Astrodynamic Constants File 
Report Atmospheric Density Models File 
Report GTDS Permanent Elements File 
Report Earth Potential Fields File 
Report Flight Sectioning Models File 
Report Integration Coefficients File 
Report Lunar Potential Fields File 

HISTPLOT 
CMPPLOT 
HSTSCALE 
CMPTITLE . 

POLAR 
ATTANG2 

ATTANGl 

ATTANG3 
POTF I ELD 

EPHQLCRT 
SHELLRAD 
BODYRAD 
RCACB 
RCANCB 
R-* 

RAMBOPT 
ELEMENT1 
CBODY 
OUTBODY 
EPOCH 
TIMES 
OUTTY PE 
WORKIONO 
ACCREJ 
RELAYID 
CONSTRPT 
ATMOSRPT 
ELSRPT 
EPOTRPT 
SECTRPT 
INTCRPT 
LPOTRPT 
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Function - 
Report SLP Ephemeris File by body 
Report SLP Ephemeris File by matrix order 
Report Tracking Station Geodetics File 
Report 24-Hour Hold Elements File 
Resonance potential 
Right ascension, solving for and computing 
partial derivatives 
Right ascension of prime meridian 
Right ascension of prime meridian time 
Right ascension of spin axis 
RMS. initial value 
RMS added factor 
RMs sigma multiplier 
Roll angle, polynomial or trigonometric 
coefficients 
Roll angle. solving for and computing partial 
derivatives 

. Rotation matrixes, degree of curve-fit of 
Rotation rates (bodies) 
Runge-Kutta starter 
Satellite grouping option 
Satellite mass for impulsive maneuver 
Satellite-to-satellite data simulation 
Save Observation Working File (GTDS format) 
Section on apofocal point 
Section on distance from current central body 
Section on distance from next central body 
Section on sphere of influence 
Section on time of flight 
Sections, number of flight 
Shell mode, integration 
Sigma, initial value (RMS) 
Sigma adder 

@ 

Reword 
SLPELRPT 
SLPRPT 
GEODRPT 
ELS24RPT 
.AUTOFORC 
ATTPAR 

RAPRIME 
RATIME 
ATTANGl 
EDIT 
EDIT 
EDIT 
ATTANG3 

ATTPAR 

SLPDEG 
BDROTATE 
RESTART 
SATGROUP 
MANMASS 
SSTSIM 
SAVE 
APOFOCAL 
DISTCB 
DI STNCB 
SPHINF 
TOF 
MAXSECT 
SHELLRAD 
EDIT 
EDIT 
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Function Kevword 
Sigma multiplier EDIT 
SLP ephemeris, bodies SLPBODY 
SLP ephemeris, coordinate system orientation SLPCOORD 

SLP ephemeris, degre of curve-fit 
SLP Ephemeris File Report by body 
SLP Ephemeris File Report by matrix order 
Sn,m harmonic coefficients 

SLPDEG 
SLPELRPT 
SLPRPT 
HARMON1 C 
SNM 

Solar radiation option SOLRAD 
Solar radiation parameters and partial deriva- SOLRDPAR 
t ives TDRREFLC 

Source, input observations 
Source of SLP data 
Spacecraft parameters (area, mass, and radius) 
Spacecraft parameters, cylindrical and paddle 
configuration 
Sphere of influence 
Sphere of influence sectioning 
Standard deviation, declination coefficients 
Standard deviation, drag parameters 
Standard deviation, observation noise 

Standard deviation, pitch angle coefficients 
Standard deviation, right ascension coefficients 
Standard deviation, roll angle coefficients 
Standard deviation solar radiation 

Standard deviation, yaw angle coefficients 

Start time, DC Program data span 

Start time, EPHEM Program Run (EPHEM, ORB1, or 
ORBIT File) 
Start time, EPHEM Program run print arc 

OBSINPUT 
SLPFILE 
SCPARAM 
SCPARAMZ 

SPHERE 
SPHINF 
DECLVAR 
DRAGPAR 
c m *  * * * 
OBSDEV 
DECLVAR 
RTASCVAR 
ROLLVAR 
SOLRDPAR 
TDRREFLC 
RTASCVAR 

EPOCH 
OBSSNPUT 
OUTOPT 

EPOCH 
TIMES 

14 9 
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Starter, integrator option 
State covariance matrix 
State covariance matrix, ATSR 

State covariance matrix, TDRS 

State parameters (unknowns) 

relay satellite 
relay satellite 

State partial derivatives; output 
State solve-for parameter component type 
State solve-for parameter component type for a 
TDRS relay satellite 
State vector artial derivatives 
State vector partial derivatives for a TDRS 
relay satellite 
Station list, accept/reject switch 
Station geodetics report 
Station Geodetics Working File 
Station-related data 
Statistical Output Report ( S O R ) ,  batching 
criteria 
Statistical Output Report ( S O R ) ,  batching criteria 
override 
Statistical Output Report (SOR) category, 
mixing a pair of SOR categories 
Statistical Output Report (SOR), edit 
parameters 
Statistical Output Report (SOR) generation 
Statistical Output Report (SOR) data validity 
Stepmode, integration 

B 

Stepsize, integration 

Stepsize constant, time regularization 
Stepsize control, lower truncation error bound 

149 
F - 3 0  

Kevword 
RESTART 

COVARNC 

SSCOVAR 

TDRCOVl 
TDRCOVZ 
TDRCOV3 

STATETAB 

OUTPART 

STATEPAR 

TDRSTPAR 

STATEPAR 

TDRSTPAR 

ACCREJ 
GEODRPT 

WORKGEO 
/ * * * * * * * a  

SELOUT 

TDRBATCH 

MIXPAIR 

SORINPUT 

SELOUT 

SORVALID 

ORBTYPE 
INTMODE 

ORBTYPE 
SHELLRAD 
STEPSIZE 
TDRSTEP 

TIMREGDV 

LOWBOUND 
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Function 
Store elements in 24-Hour Hold Elements File 

Thrust, polynomial coefficients 

Thrust, polynomial coefficients for vehicle de- 
clination or.pitch angle 
Thrust, polynomial coefficients for vehicle 
right ascension or-yaw angle 
Thrust solve-for flags 
Thrust option 
Time, and ORB1 or ORBIT File 
Time, end print arc (EPHEM Program) 
Time, maneuvers 
Time, reference 
Time, start (DC Program) 

Time, start (EPHEM Program) 

Time conversion coefficients files, retrieval of 
data from 
Time correction, working file 
Time differences between observations, minimum 
Time of flight for sectioning 
Time of right ascension of the prime meridian 
Time regularization exponent 
Time regularization stepsize constant 
Title cards 
Title cards, orbit comparison 
Tolerances, integration 
Tracking schedule data 
Tracking Station Geodetics File Report 
Transponder delay 
Transponder delay (satellite) 
Truncation error bound, lower 

Kevword 
WORKELS 
TDRWKELS 
THRSTPAR 
THRSTCOF 
ATTANG2 . 

ATTANGl 

THSOFNO 
THRUST 
OUTOPT 
OUTPUT 
MANTIME 
EPOCH 
EPOCH 
OBSINPUT 
TIMREGDV 
EPOCH 
TIMES 
WORKTCOR 

WORKTCOR 
EOINTRVL 
TOF 
RATIME 
TIMREG 
ORBTYPE 
TITLE 
CMPTITLE 
TOLER 
DSPEAl 
GEODRPT 
TRNDLY 
TDRXPNDR 
LOWBOUND 
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- Function I 

Truncation error bound, nominal 

Truncation error bound, upper 

Two-body option 
Unknowns (DC Program run, state partials) 

.Uppe'r truncation error bound 

Variable-step ephem files, time, and height in- 
tervals between data points of 
Variance of thrust acceleration 
Variation of equations, degree 
Variational equations, order 
Variational equations f o r  Cowell integrator 
VOP. numerical averaging 
VOP parameter type 
Weighting factor constants 
Working Fi le, As.t rodynamic Constants 
Working File, Atmospheric Density 
Working File, Elements 
Working File, Flight Sectioning Model 
Working File, Integration Coefficients 
Working File, Ionospheric Refracton 
Working File, Maneuvers 
Working File, Observations 
Working File, SLP 
Working File, Station Geodetics 
Working Pile, Time Corrections 
Yau angle, polynomial or trigonometric 
coefficients 
Yaw angle, solving for and computing partial 
derivatives 

e Kevword 
NOMBOUND 
TOLER 
TOLER 
UPPBOUND 
TWOBODY ~ 

STATEPAR 
STATETAB 
TOLER 
UPPBOUND 
VAREPHEM 

THRSTVAR 
MAXDEGVE 

MAXORDVE 
INTEG 
AVERAGE 

ORBTYPE 

0 
CWE I GHT 
WORKCON 
WORKATM 
WORKELS 
WORKSECT 
WORKINT 
WORKIONO 
WORKMAN 
WORKOBS 
SLPFILE 
WORKGEO 
WORKTCOR 
ATTANGl 

ATTPAR 
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APPENDIX G - SAMPLE PROGRAM INPUT DECKS 
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APPENDIX H - OUTPZJT 

Three general categories of GTDS output provide extensive 
information to the user: 

0 Printer Output 
0 Scope Output 

0 Special Output . ,  

The available scope output is discussed in detail in the 
GTDS Graphics User's Guide (Reference 3 ) .  Special output 
includes data sets such as ORBl,.EPHEM, and ORBIT Files. 

The following discussion covers the GTDS output for the 
printer. This output is actually spooled by the MVS 
operating system to a disk file, and routed from disk to a 
printer if so directed by the user's J C L ,  Although the 
spooled reports may be inspected by a T'SO user during and 
.after GTDS execution, they are commonly referred to as 
printer reports. 

The areas in which the system is capable of generating 
printer reports include 

0 

Input Processor and Run Control 
Ephemeris Generation (EPHEM) Program 
Differential Correction (DC) Program 
Filter (FILTER) Program (currently not available) 
Early Orbit Determination (EARLYORB) Program 
Data Simulation (DATASIM) Program 
Error Analysis (ANALYSIS) Program 
Ephemeris Comparison (COMPARE) Program 
Data Management (DATAMGT) Program 
Permanent File Report Generation (FILERPT) Program 

Samples of many of the reports are given in the figures in 
this appendix. 

H-1 

149 
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H. 1 INPUT PROCESSOR 

The input processor generates four printer reports. The 
first, second, and third reports are generated with every 
GTDS program run- The fourth is generated unless the user 
specifies that i t  is to be suppressed (see Section 2.1). 
The four reports are: 

0 GTDS report index 
0 GTDS title page.and accounting information 
0 Xnput card deck images listing 
0 Input processor interpretation of each card 

The user has no options pertaining to the report index, the 
title page, and the card deck images. These are shown 
together i-n Figure H-1. The GTDS report-index is a listing 
of the major reports produced by the GTDS job and the page 
number of the current run on which each begins. This report 
is intended to help the user inspecting printer reports 
during a TSO session to locate that part of the run in which 
he or she is interested. 

The GTDS title page reflects information such as program 
location in cord and run time. The accounting information 
appears for each GTDS program execution (i.e., once for each 
CONTROL keyword card). This report also lists all data sets 
allocated t o  GTDS for the duration of the job step. The 
data set allocationsappear only at the beginning of the GTDS 
run (i-e., for the first CONTROL keyword card). 

The card image output is merely a column-for-column, 
card-for-card printout of the input cards. 

H - 2  
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Figure H-1. GTDS Report Index, Title Paqe, and 
Input Card Deck Image (1 of 4 )  
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As the input processor handles each of the input cards, i t  

formats the fields and periodically generates interpretive 
or error messages. This output is used to quickly spot deck 
setup errors. Figure H - 2  shows a sample of this output. If 
the user has suppressed this output, only error messages 
will be printed. 

H - 2  EPHEMERIS GENERATION (EPHEM) PROGRAM OUTPUT 

The output from the GTDS Ephemeris Generation Program is 
divided into distinct reports: 

a Initial Conditions Report 
a Satellite Ephemeris Report 
a Integration Statistics Summary Report 
a Orbit Generator Summary Report 

H . 2 . 1  INITIAL CONDITIONS REPORT 

The Initial Conditions Report is designed to reflect those 
options specified by the user as well a!; the run control 
parameters to be used by the EPHEM Program for this partic- 
ular use- Figure H-3 shows a sample of this report. 

The pertinent information in this report may be broken into 
the following categories: 

0 

0 

0 

a 

0 

0 

0 

0 

0 

e 

Spacecraft-dependent constants 
Orbit generator options 

Trajectory initial conditions (run time control) 
Initial satellite state 
Integrator options and parameters 
Sectioning-dependent parameters 
Impulsive maneuvers data 
Physical constants 
Output options 
SLP ephemeris options 
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Three key areas of this report that should alwa.ys be checked 
are (1) the run time control block, which reflects the 
epoch, run start and end time, and reference time of input: 
( 2 )  the initial state, which reflects the specified epoch 
state, of the vehicle; and (3) the force model options to be 

are found in the section- used. The force model parameters 
dependent parameter block. 

H . 2 . 2  SATELLITE EPHEMERIS REPORT 

The Satellite Ephemeris Report is controlled by user options 
specified on the OUTPUT keyword c rd. Figure H-4 contains 
an example of this report, Its primary components are 

0 Date (time of the output point) 
0 Central body and coordinate reference 
0 Vehicle state 
0 Partial derivatives (if specified) 

Beginning with-epoch, the program will generate output at 
each point specified by the user on the OUTPUT keyword 
card. The times printed are Universal Time Coordinated 
(UTC), Output will also be generated at the end time of 
each section (including the final section, which is the run 
end time) and at the beginni.ng of each new section. 

The coordinate frame of the output may also be specified by 
the user on the OUTPUT keyword card. The output central 
body will always include at least the central body of the 
integrator. The user has the option of specifying either 
the inertial frame or a body-fixed frame: the user may also 
specify mean-of-1950.0, true-of-date, or true-of-reference 
coordinate system. 
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Elements other than Cartesian are always referenced to the 
inertial frame for Earth-centered output. For output with a 
central body other than Earth, the non-Cartesian elements 
are always referenced to a pseudo-body-fixed frame (e-g., 
lunar output of non-Cartesian elements is always seleno- 
graphic) - 
The extent of output 'at each request may be specified by the 
user via the OUTPUT and LIFETIME keywords. The three basic 
formats available for each requested output central body are 
as follows: 

0 Basic state output (Figure H-5)--includes Cartesian 
elements, magnitudes of the position and velocity 
vectors (R and V), latitude ( L A T ) ,  longitude (LON), 
and height (HGT) 

e Extended output (default)--includes Cartesian, 
Keplerian; spherical, and flight parameters (Fig- 
ure H-4) 

e Lif'etime study output (Figure H-6)--includes a 
one-line output consisting of apofocal radius, 
perifocal radius, inclination, and eccentricity. 
This example has input from the Permanent Elements 

. File: the last EPHEM Final Report is included with 
the Lifetime Study Report. 

The option is available to the user to include output from 
various central bodies for each output block- 

If the user has specified that any partial derivatives are 
to be computed and a report is requested via the OUTPART 
keyword card during the run, the partial derivatives will be 
printed as part of the Satellite Ephemeris Report. 
(Keplerian partial derivatives are shown in Figure H-5.) 
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In addition, if the user has requested the'mapping of the 
initial state covariance matrix via the keyword card 
STATEPAR, the final state covariance matrix will be reported 
(Figure H-7) immediately after the Satellite Ephemeris Re- 
port. 

H.2.3 INTEGRATION STATISTICS SUMMARY REPORT 

Figure H-8 is an example of the Integration Statistics Sum- 
mary Report. This report, generated at the conclusion of 
every EPHEM Program run, is designed to reflect the general 
performance of the integrator. The information is well 
labeled and consists of items such as total number of steps, 
number of'step-size changes, and average step size. 

H.2.4 EPHEMERIS GENERATION FINAL REPORT 

Figure H-9 is an example of the Ephemeris Generation Final 
Report. This report is printed at the conclusion of every 
Ephemeris Generation Program run. It is a short, one-page 
history of the run. The information is well labeled and 
contains such items as run start and end time and run start- 
ing and ending states. Another pertinent item available in 
this report is the sectioning summary. This block contains 
a history of any sectioning that occurred, including 
well-labeled items such as time of sectioning, reason for 
sectioning, and elapsed time from epoch when sectioning oc- 
curred. 

H.2.5 KEPLERIAN ELEMENTS HISTORY PLOTS 

If an EPHEM File has been generated in an EPHEM run, i t  is 
possible to request elements history plots via HISTPLOT and 
HSTSCALE keyword cards. A summary of the EPHEM File to be 
plotted is always reported, as shown in Figure H-10. Fig- 
ure H-11 is an example of the plot of the semimajor axis in 
kilometers over a time period. 
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H.2.6 EPHEMERIS FILE OUTPUT VECTOR QUALITY REPORT 

Figure H-12 is an example of the Ephemeris File Output Vec- 
tor Quality Report. This report 1ist:s each requested ephem- 
eris point. 

H.3 DIFFERENTIAL CORRECTION (DC) PROGRAM OUTPUT 

The nine reports available for any GTDS Differential Correc- 
tion Program run are as follows: 

Initial Conditions Report 

0 Observation Residual Report 

o Differential Correction Integration Statistics Re- 
pot t 

0 Differential Co'rrection Elements Report 

0 Convergence Parameter Report: 

0 Variance-Covariance Matrix Report 

0 End-of-Iteration Report 

0 Differential Correction Final Elements Report 

0 Orbital Elements Report 

At the end of each iteration, five reports are generated 
based on the DC print-control switch (see keyword PRINTOUT 
in Section 4 ) :  (1) the Observation Residual Report, (2) the 
Differential Correction Elements Report, (3) the Convergence 
Report, (4) the Variance-Covariance Matrix Report, and (5) 
the End-of-Iteration Report. 

At the end of the DC Program run, the Differential Correc- 
tion Final Elements Report is printed twice (once in the 
mean-of-1950.0 frame and once in the true-of-date frame) 
followed by' the Orbital Elements Report. 
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In addition to these nine reports, the user may request 
printer plots of the observation residuals. These plots, 
which are not shown, are generated via keyword cards 
PRINTOUT and Station Card 3. For details, see descriptions 
in Section 4 .  

If Statistical Output Reports (SORs) are requested, they 
will appear after the Differential Correction reports. The 
four reports are 

, o  Category Summary Report 
0 Batch Detail Report 
0 Recap of Batched 0-C Summaries 
0 GTDS Tracker-Oriented 0 - C  Summaries 

A fifth report, TDRSS Ground Transponder Sum:mary Calibration 
Statistics Report, appears if TDRS ground transponder range 
data are present. These reports may be generated for the 
first'and last DC iterations or for either t.he first DC 
iteration only or the last DC iteration only. 

H.3.1 INITIAL CONDITIONS REPORT 

This report (see Figure H-13) is very similar to the Initial 
Conditions Report of the Ephemeris Generation Program. I t  
contains nearly all of the information discussed in Sec- 
tion H . 2 . 1  plus some information unique to the differential 
correction process. A report will be generated for each 
satellite included in a multisatellite run ( e - g . ,  TDRSS 
processing). 

There is a section of output shown in Figure H-13 that lists, 
for each unknown, the name of the parameter, the a priori 
value, and the standard deviation. This section also spe- 
cifies the total number of unknowns and the number of d y n a m i c  
and nondynamic parameters. Immediately following is a n o t h e r  
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section of the report that contains the convergence criteria 
and the maximum number of consecutive divergent iterations 
permitted. The specified observation edit criteria and ob- 
servation weights are also included in Figure H-13. The 
final section of information in Figure H-13 contains the 
observation correction options specified for each of the 
stations pertinent to this run. 

Not shown in Figure H-13 are the file reports which are op- 
tionally generated by the Data Management (Section H.9). By 
default, the reports of Figure H-13 are followed by the 
Solar/Lunar/Planetary (SLP) Ephemeris Summary Report (Fig- 
ure H-52) and the Station Geodetics Working File Report 
(Figure H-47). 

H.3.2 OBSERVATION RESIDUAL. REPORT 

Figure H-14 is an example of the Observation Residual Report. 
By default, i t  is generated during every DC Program itera- 
tion. However, this frequency'may be modified by the user 
via the options on the PRINTOUT keyword card. 

The following information is contained in this report: 

0 Greenwich mean time of the observation--This time 
is the station-receive time and does not reflect 
any light time corrections, even if the user has 
specified that they are to be made. 

0 Station name, edit flag, and observation type--An 
explanation of the various edit flags appears at 
the bottom of. each page of printout. 

0 The observation, residual, ratio to sigma, computed 
value, elevation angle, true anomaly, and observa- 
tion number--Any corrections (such as refraction 
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corrections) are applied to the observed value, not 
to the computed value. The ratio t:o sigma re- 
flects the ratio of the residual t o  the specified 
observation standard deviation. 

0 Satellite or ground transponder name, forward and 
return link relay identifiers, and differenced 
Doppler reference.and comparison identifiers for 
runs in which TDRSS tracking data is processed. 

H.3.3 DIFFERENTIAL CORRECTION INTEGRATION STATISTICS REPORT 

This report summarizes the integration statistics of a Oif- 
ferential Correction run and appears immediately after the 
Observation Residual Report. The order of integration is 
always listed. If applicable, the total number of steps 
used for the integration span and the total number of steps 
used for the observation span are reported for each satel- 
lite in the run. Figure H-15 gives an example of this re- 
port for a run which includes a TDRSS satellite. 

H.3.4 DIFFERENTIAL CORRECTION ELEMENTS REPORT 

This report contains the solve-for resultant vehicle ele- 
ments in various coordinate reference system:; including 
Cartesian, Keplerian, spherical, and flight parameter. 
These elements are output in the coordinate frame in which 
the integrator is working and also the cootdinate frame that 
was specified on input. Therefore, if the central body or 
frame of the integrator is not identical to that specified 
on the input elements, the report will be generated in b o t h  

frames. Besides the value of the current elements, the 
report contains the a priori values, previous values, and 
associated differences. The current standard deviations a r e  
also included in the report. 
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A sample of this output is shown in Figure H-16. The output 
values in this report are always in the inertial frame (the 
user has no option to output in the body-fixed frame). Even 
if the central body is other than Earth, no rotations are 
performed before generating the Keplerian elements and other 
parameters; therefore, all lunar output is i n  a selenocentric 
coordinate system (not selenographic). 

H.3.S DIFFERENTIAL CORRECTION CONVERGENCE REPORT 

Figure H-17 is an example of the Differential Correction 
Convergence Report, The report contains a history of those 
parameters des.ignated as unknowns for this run. Such infor- 
mation as a priori value, current value standard deviation, 
current/previous difference, current/a priori difference, 
and previous value are included for each parameter. A 

history of the parameter change by iteration is also 
included. The coordinate frame of this output is always 
identical to the frame of the integrator. A report will be 
generated for each 
satellite with solve parameters in a multisatellite run 
(e-g-, TDRSS processing). 

H.3.6 VARIANCE-COVARIANCE MATRIX REPORT 

Figure H-18 is an example of the output of this matrix. 
Since the variance-covariance matrix is symmetric, only the 
upper triangular portion (including the diagonal') of the 
matrix is printed. The lower triangular portion of this 
printout reflects the correlation coefficients of the speci- 
fied unknowns. 
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H.3.7 END-OF-ITERATION REPORT 

Figure H-19 is an example of the End-of-Iteration Report. . 
The repott is designed to give a compact status report of 
the differential correction process. The values of current 
weighted, as well as predicted, previous, and smallest 
weighted root mean square (rms), are set off in a box near 
the top of the report. These values determine the status of 
the run as far as convergence or divergence is concerned. 
The value associated with the title PENALTY is meaningful 
only if one is running under control of the Marquardt algo- 
rithm. This process is further discussed in Section 3.2.1.7. 
The rest of the output reflects observation summary statis- 
tics. 

H-3.8 DIFFERENTIAL CORRECTION FINAL ELEMENTS REPORT 

The Differential Correction Final Elements Report (see Fig- 
ure H-20) is quite similar to the End-of-Iteration Report, 
except that i t  contains information pertaining to the final 
set of elements. This report is generated in both the mean- 
of-1950.0 system and the true-of-date system. This report 
is generated for each satellite that has been solved for in 
a multisatellite run (e.g., TDRSS processing). 

H.3.9 ORBITAL ELEMENTS REPORT 

The final DC Program report is the Orbital Elements Report 
shown in Figure H-21. This report includes the Brouwer mean 
elements for Brouwer integrators and osculating elements f o r  

all other integrators by default. The choice of output 
elements can be modified by the DCFDR keyword card. The 
elements are referenced true-of-date and are geocentric, 
selenocentric, heliocentric, or planetocentric i f  the cen- 
tral body is the Earth, the Moon, the Sun, or planet, 
respectively. This report will be generated for each satel- 
lite t h a t  is solved for in a multisatellite run (e.g., TDRSS 

processing). 

H-56 
149 



I 

i 

DOC. NO. REV. NO. 
SD-8 5 / 67 3.8 2 

a 

I L 

8 

P b  

td 
0 c 
P) a 
c 
0 

149 H-57 



DOC. NO. REV. NO. 
SD-85/6738 2 

0 

0 .. 
E -  
a 
0 : 

' I  ' I  

149 H-58 



DOC. NO. REV. NO. 
SD-85/6738 2 

- - n 
0 W . 80 

, a  
149 

H-59 



DOC. NO. REV. NO. 
SD-85/6738 2 

I 

I 

I 

. I '  
I I 
I I I .  

I 

1 -  I l i  

I i ! 
I 

I 

, 

I 

U 

. 
r )  
N 

149 H-60 



DOC. NO. REV. NO. 
SD-85/6738 2 

H.3.10 SOR CATEGORY SUMMARY REPORT 

a 

Figure H-22 is an example of the Category Summary Report 
based on the final differential correction vector. This re- 
port summarizes the category validation statistics for edited 
and unedited observations and lists the parameters used in 
the maximum 0-C test and the iterative N-sigma test. For 
each category, the Doppler count interval, the maximum 0-C 
value, the weight, unit, means, and standard deviations for  
both edited and unedited observations, the number of edited 
and unedited observations, the SOR sigma multiplier value, 
and the maximum and actual numbers of loops associated with 
the iterative N-sigma test are given. 

H.3.11 SOR BATCH DETAIL REPORT 

The SOR Batch Detail Report (Figure H--23)- consists of three 
parts. Part one is the batch header, which contains infor- 
mation pertaining to the particular batch. Part two is the 
detailed content, which comprises the time tag, observed 
value, 0-C value, and associated data quality flags for each 
observation in the batch. The final part includes a report 
of the batch calibration statistics for each measurement 
type-for both edited and unedited observations and the sta- 
tion validation statistics for both edited and unedited ob- 
servations. Part three also includes a summary of the noise 
analysis for each measurement type and indicates whether the 
divided difference noise analysis or variate ‘difference 
noise analysis was used. . 

H.3.12 SOR RECAP OF BATCHED (0-C) SUMMARIES REPORT 

The SOR Recap of Batched (0-C) Summaries Report (Figure H-24) 
consists primarily of the summary of the batch validation 
statistics by batch number. A brief report of the data 
arclengths in the Differential Correction and the SOR Pro- 
grams is given at the beginning. 
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H.3.13 GTDS TRACKER-ORIENTED (0-C) SUMMARIES REPORT 

The Tracker-Oriented Final (0-C) Summaries Report (Fig- 
ure H-25) includes summaries of the differential correction 
and SOR data arclengths and the station validation statis- 
tics foc all stations. 

H. 3 - 1 4  TDRS’ GROUND TRANSPONDER SUMMARY CALIBRATION STA- 
TISTICS REPORT 

This report, generated exclusively for TDRS ground trans- 
ponder range data, appears after the Tracker-Oriented (0-C) 
Summaries Report only when calibration statistics are re- 
quested and at least one unedited range 0-C (based on cali- 
bration statistics) exists for at least one TDRS ground 
transponder. Two sets of statistics, one for two-way range 
data and another for hybrid range data, appear for each 
transponder for which range data appear in SOR. For each 
transponder, the four-letter transponder acronym and the 
ground transponder number are given. For both sets of sta- 
tistics, the following information is listed: 

0 . Number of batches for which at least one unedited 
range 0-C (based on calibration stat-istics) exists 

0 Mean value of batch 0-C means 

0 Standard deviation of batch 0-C means 

0 Mean of batch 0-C standard deviations 

0 Standard deviation of batch 0-C standard deviations 

0 Total number of range 0-Cs that are unedited and 
related to the set 

0 Identifier of each TDRS associated with the set 

0 Flag indicating the Different:ial Correction Program 
edit status 

- An example appears in Figure H-26. 
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H.4 FILTER (FILTER) PROGRAM OUTPUT 

The Filter Program is presently not maintained in GTDS. 

H.5 EARLY ORBIT DETERMINATION (EARLYORB) PRClGRAM OUTPUT 

The EARLYORB Program output consists of two reports. 

e Early Orbit Input Observations Report 
e Converged Resulting Elements Report 

Both reports are generated autbmatically each time an 
EARLYORB computation is performed. 

H.S.1 EARLY ORBIT INPUT OBSERVATIONS REPORT 

The Early Orbit Input Observations Report (Figure H-27) 
first indicates the method of early orbit determination 
used--Range and Angles, Gauss, or Double-r Iteration. This 
is followed by a table listing the observation time (year, 
month, day, hours, minutes, seconds), station ID, observa- 
tion type, uncorrected observation and observation number. . 

Exactly 6 observations are required for the angles-only 
(Gauss and Double-r Iteration) methods, and 6 t o  48 are 
needed f o r  the Range and Angles method. 

H.5.2 CONVERGED RESULTING ELEMENTS REPORT 

The Converged Resulting Elements Report (Figure H-28) lists 
the epoch time, followed by the computed elements in 
Cartesian, Keplerian, and spherical coordinates.. The ele- 
ments are computed in the true-of-date reference system. 
Following the elements are the true anomaly at each epoch 
time and a key to the abbreviations used in the report. 

H.6 DATA SIMULATION (DATASIM) PROGRAM OUTPUT 

These four reports are available for any GTDS Data Sirnula- 
tion Program run: 

e Initial Conditions Report 
e Simulated Observations Report 
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e DATASIM Summary Report 
e Station Contact Report 

The first report is always generated; the following three 
are controlled by the user via the D8PEA3 keyword card. 

H.6.1 INITIAL CONDITIONS REPORT 

Figure H-29 is an example of the DATASIM Initial Conditions 
Report, which contains three basic types of information: 

e Orbital information 
0 General DATASIM information 
0 Station information 

Orbital information (see Figure H-29, pages 1 and 2) in- 
cludes spacecraft data such as satell.ite name and number, 
start and end times of the input ephemeris file, and the 
initial spacecraft state. 

General DATASIM information (Figure H-29, page 3) includes 
those data that are station-independent. Such station- 
independent data includes start and end times of the run, 
type of tracking schedule, type of output file requested, 
rate at which satellite passes are determined, type of input 
ephemeris file, observation correction information, and the 
standard deviations used for computing noise in the data. 

The station information section of the report (all pages 
after page 3) contains the geodetic coordinates of the sta- 
tions, station-dependent observation correction information, 
time and observation biases, observation output rate, and 
output interval information. 

H.6.2 SIMULATED OBSERVATIONS REPORT 

Figure H-30 is an examgle of the Simulated Observation Re- 
port. By default, every simulated observation is included 
in this report. On request, however, the user may elect to 
print only every nth observation (see keyword card D S P E A 3 ) .  
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When n is set equal to zero, the report is suppressed. When 
generated, the report contains the following information for 
each observation: 

0 

0 

0 

0 

0 

H.6.3 

Greenwich time of the observation (This is the time 
uncorrected for bias or light time.) 

Station name and observation type 

Observation value (This value is the vacuum obser- 
vation with biases, random errors, and modeling 
effects. ) 

Model effects, light time correction, and random 
errors. (Model. effects include refraction correc- 
tion, transponder delay, and antenna mount correc- 
tions. Random errors contain biases and noise.) 

Elevation angle and orbital data (Orbital data con- 
sist of geodetic latitude, longitude, height, true 
anomaly, and the revolution number.) 6 

DATASIM SUMMARY REPORT 

Figure H-31 is a sample of the DATASIM Summary Report. The 
first page contains the start and end times olf the DATASIM 
Program run, the number of stations involved, and two brief 
summaries of the number of observations and passes (reported 
by observation type). This section of the DATASIM Program 
Summary Report is printed with ever.y DATASIM Program run. 

The remainder of the report (see Figure H-30, page 2) is 
included by default but may be omitted on request via the 
DSPEA3 keyword card. It includes a station-by-station re- 
port of the following data for each interval 'defined in 
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the tracking schedule and each pass’ of an interval proc- 
essed 

0 

0 

0 

0 

H.6.4 

during the DATASIM process. . 

Start and end time of the interval/pass (acquisi- 
tion of signal (AOS) is assumed at the start time; 
loss of signal (LOS) is assumed at the end time of 
a pass.) 

Times of the first and last computed observations 
for the interval/pass 

Time of minimum computed elevation angle and the 
value of that angle for the interval/pass 

Time of east/west meridian crossing (for Minitrack 
stations only) 

Time of north/south meridian crossing (for Mini- 
track stations only) 

Number of observations computed f o r  the interval/ 
pass 

First and last spacecraft revolution numbers for 
the interval/pass 

Number of passes for the interval 

STATION CONTACT REPORT (STATION-PASS REPORT) 

The Station Contact Report or Station-Pass Report (Fig- 
ure H-32) is output only by a user request on keyword card 
DSPEA3. The report, printed in a matrix form, may be con- 
sidered as a condensed version of the DATASIM Program Sum- 
mary Report. The information provided includes the time 
frames f o r  which the station can observe the satellite 
(i.e., the times of AOS and L O S ) ,  the maximum elevation 
angle within the time frames, and the local time of AOS. 

lFor the satellite-pass mode, interval data are not writ- 
ten, since interval data and pass data are essentially 
equivalent . 
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In addition, the revolution number.and the start and end 
times of the revolution are printed. 
H.7 ERROR ANALYSIS (ANALYSIS) PROGRAM OUTPU'E 

These four basic reports are available for any GTDS Error 
Analysis Program run: 

0 Initial Conditions Report 
0 Summary Tracking Report and Partial Tracking Report 
0 Error Analysis Summary Report 
0 Mapping Report 

The Initial Conditions Report, Summary Tracking Report, and 
Error Analysis Summary Report are always produced. The Par- 
tial Tracking Report and the Mapping Report are optional and 
are controlled by the-keywords PARTRTMS and MLAPTIMES, re- 
spectively. 

H.7.1 INITIAL, CONDITIONS REPORT 

This report combines information from the Initial Conditions 
Reports of the Differential Correction and Data Simulation 
Programs. The report is designed to reflect those options 
specified by the user as well as the E r r o r  Analysis Program 
control parameters for the particular case- Figure H-33 
contains a sample of this report. The pertinent information 
in this report may be broken into the following categories. 

Spacecraft-dependent parameters 
Pregenerated ORBIT File options 
Initial Spacecraft state 
Initial state covariance matrix 
Solve-for/consider parameters and noise 
Tracking schedule information 
Station geodetics information 
Error Analysis Program output options 

For an Error Analysis Program run, the l i s t  of orbit gen- 
erator options is a statement of options already 
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exercised in creating the existing pregenerated ORBIT File. 
Similarly, the spacecraft-dependent parameters, initial 
spacecraft state, epoch, and reference time of input are 
retrieved from the pregenerated ORBIT File and are not sup- 
plied by the user in the Error Analysis Program run. 

The solve-for/consider parameter section of information in- 
cludes a list of all parameters being solved for Or con- 
sidered, their a pripri standard deviations, and a table of 
all observation measurement standard deviations. Currently 
in the consider mode, the solve-for parametecs are limited 
t o  the state parameters. 

Included in the Error Analysis Program output: options are 
the partial tracking report times, the mapping report times, 
and the coordinate system and status of the sensitivity 
breakdown. 

H.7.2 SUMMARY TRACKING REPORT AND PARTIAL TRACKING REPORT 

The Summary Tracking Report and the Partial Tracking Report 
have the same content. The Summary Tracking Report is based 
on all the observations collected over the entire tracking 
span, whereas Partial Tracking Reports, which are optional, 
are based on the observations collected and the normal 
matrix accumulated up to that tracking time, Figure H-34 
contains a sample of the Summary Tracking Report. A Summary 
Tracking Report or a Partial Tracking Report provides the 
following information: 

0 Observation summary by station and by data type 

0 Epoch variance-covariance matrix (measurement noise 
alone) and epoch solve-for variance-covariance matrix (con'- 
sider mode) with associated correlation coefficients. 
(Since the variance-covariance matrix is symmetric, only the 
upper triangular portion of the matrix is printed. The 
lower triangular portion of this printout reflects the 
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correlation coefficients of the specified so:tve-for param- 
eters.) 1 

0 Standard deviations of elements and solve-for 
parameters at epoch. (The elements include Cartesian coor- 
dinates, Keplerian elements, spherical coordinates, flight 
parameters, and orbit plane coordinates.) 1 

0 Standard deviations (sensitivity breakdown) due to 
consider parameter effects and noise effects on the solve- 
for parameters (remaining pages) in a designated coordinate 
system (in Cartesian, Keplerian, and orbit plane for the 
Summary Tracking Report: in orbit plane only for the Partial 
Tracking Report) 1 

H-7.3 ERROR A N U Y S I S  SUMMARY REPORT 

The Error Analysis Summary Report provides a time history of 
uncertainties, in the epoch state of the satellite, by sup- 
plying the following information for each partial tracking 
interval: 

0 Tracking times 
0 Position uncertainty (rms) at epoch 
0 Velocity uncertainty (rms) at epoch 
0 Standard deviations of Keplerian elements at epoch 

Figure H-35 presents a sample of this report. 

H.7.4 MAPPING REPORT 

The Error Analysis Program also provides the optional capa- 

bility to map the epoch covariance matrix, resulting 

lIn the event that the normal matrix cannot be successfully 
inverted, only the observation summary by station and by 
data type is printed. 
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from the entire tracking span, to other timers (Figure H-36). 
The mapping report supplies the following information: 

a Table of trajectory standard deviations of posi- 
tion, velocity, and associated components in a des- 
ignated coordinate system (Cartesian or orbit 
plane; shown in orbit plane in the figure) 1 

a Table of trajectory standard deviations of 
1 Ke p 1 e'r i an e 1 emen t s 

a Table of elements standard deviations at the end of 
mapping interval 

0 The variance-covariance matrix of the solve-for 
parameters with associated correlation coeffi- 
cients, but a t  last map time only 

a Optionally, the sensitivity breakdown of the con- 
sider parameters and measurement noise effects on 
the mapped solve-for parameters in a designated 
coordinate system .(in Cartesian, Keplerian, and 
orbit plane) at each map time and in all three co- 
ordinate systems at last map time 

H.8 EPHEMERIS COMPARISON (COMPARE) PROGRAM OUTPUT 

Figures H-37 and H-38 show two reports that are part of the 
minimum printed output generated by the COMPARE Program: 
both reports are always printed. Included in the Ephemeris 
Compare Initial Conditions Report is the satellite state 
vector at epoch in both Cartesian and Keplerian coordinates 
as retrieved from the input ephemeris files. Included in 
the Ephemeris Compare Difference Report are the computed 

~ 

1For each standard deviation, the component of that stand- 
ard deviation due solely to measurement noise is also 
pc in t ed . 
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difference vectors in both Cartesian and track-oriented co- 
ordinates. These differences are printed at each comparison 
time point. The three possible kinds of Ephemeris Compare 
Reports, showing position differences, position/velocity 
differences, and the world map, ate shown in Figure H-38, 
H-39, and H-40, respectively. The third report, which al- 
ways appears, is the Summary Report shown in Figure H-41. 

The only other printer outputs available from the COMPARE 
Program are in the form of printer plots of the difference 
vectors and printer plots of Keplerian elements histories. 
Plots of position and velocity differences in both Cartesian 
and track-oriented coordinates are available via keyword 
card CMPPLOT. Figure H-42 and H-43 are examples, respec- 
tively, of printer plot of the position and velocity differ- 
ences of the radial component of the track-oriented 
coordinates. (For an example of a history pl,ot, see Fig- 
ure H-11). Only two printer reports are available from the 
Ephemeris Merge Program. Figures H-44 and H-45 are examples 
of the EPHEM Merge Initial and Summary Reports, respec- 
tively. These are described in Section 3.7.7. 

H.9 DATA MANAGEMENT (DATAMGT) PROGRAM OUTPUT 

The reports generated by the DATAMGT Program can appear in 
other GTDS programs that utilize the DATAMGT Program. 

The output from the GTDS Data Management Program run con- 
sists of u p  to 11 reports: 

0 Atmospheric Density Working File Report 

0 Station Geodetics Working File Report: 

0 Elements Working File Report 

0 Integration Coefficients Working F i l e  Report 

0 Refraction Working File Report 

0 Impulsive Maneuvers Working File Report 
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a Flight-Sectioning Working File Report 

a Physical Constants Working File Report 

0 Solar/Lunar/Planetary (SLP) Ephemeris Working File 
Report 

0 Rejected Stations Report 

a Detailed Reject/Accept Criteria Report 

Only when the proper option card has been used in the DMOPT 
subdeck will the user receive any of these reports (see Sec- 
tion 3 . 8 ) -  

H.9.1 ATMOSPHERIC DENSITY WORKING FILE REPORT 

This report (shown in Figure H-46) presents the requested 
-1964 Harris-Priester atmospheric model. The !number of data 
sets in the requested density model, the heiglht in kilo- 
meters, and the minimum and maximum densities in 
kilograms/kilometers3 for each set is reported. 

H-9-2 STATION GEODETICS WORKING FILE REPORT 

For this report (see Figure H-47), the user requests that 
either the working file or the permanent file be reported. 
In both cases, all the stations associated with that file 
are reported- For each station, the following information 
is given in tabular form: 

0 Station name 

0 .Station type 

a Station number 

0 Spherical coordinates (geodetic latitude, geo- 
graphic longitude, and height) 

0 Cartesian coordinates ( x ,  y, and z) 

0 North/south vertical deflection 

0 East/west vertical deflection 
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Antenna offset 

Transmission frequency 

The referenced ellipsoid models are given by number and an 
associated semimajor axis and inverse of flattening coeffi- 
cient. 

H-9.3 ELEMENTS WORKING FILE REPORT 

When the user specifies the option to build an elaments 
working file via the WORKELS keyword card, the Elements 
Working File Report (Figure H-48) is generated. The infor- 
mation contained in this report includes the following: 

0 Epoch for the.elements (year,, month, day, hours, 
minutes, and seconds) 

0 Central body 

Referenced time frame (either true-of-date or 
mean-of-1950.0) 

0 Cartesian coordinates (position and velocity) 

H-9-4 INTEGRATION COEFFICIENTS WORKING FILE REPORT 

This report is generated when the option to build a working 
file of integration coefficients has been specified by the 
user. The following information is given in this report: 

0 Predictor coefficients for position 

0 Corrector coefficients for position 

0 Corrector coefficients for the position partial 
derivatives 

Predictor coefficients for velocity 

Corrector coefficients for velocity 

0 Corrector coefficients for velocity partial deriva- 
.t ives 
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0 Order of the integration formulas for each of the 
preceding six categories 

0 Error coefficients (local error computation for C1 
and C2, see CWEIGHT card in Section 4). 

An example of this report is shown in Figure H-49. 

H.9.5 REFRACTION WORKING FILE REPORT 

Contained in the Refraction Working File Report are reports 
of three files: 

0 . Solar Flux Data File 

0 Ionospheric coefficients working file 

0 Refraction table working data file (only in the 
case of a real-time run) 

Only a description of each file is given, not the complete 
contents of the file. The report for the Solar Flux Data 
File contains the following: 

0 The number of months for which the file is valid 

0 The first and last month contained in the file 

0 The date of the most recent daily solar flux values 

0 The date beyond which the solar flux values are 
predicted 

0 The timespan for the predicted values on the file 

0 The 12-month running average of solar flux 

0 The 12-month span (maximum and minimum values) on 
the file 

The contents of the ionospheric coefficients working file 
include the number of 10-day coefficient sets contained in 
the file and the total time covered by those sets. The re- 
port of the ionospheric (real-time) refraction tables work- 
ing data file gives the number of days in the file, the 
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first day of the file, and the last day of the file. The 
Refraction Working File Report appears after the SLP Ephem- 
eris Working File Report: an example is given in Figure H-52. 

H.9.6 IMPULSIVE MANEWERS WORKING FILE REPORT 

The Impulsive Maneuvers Working File Report (no example 
given) gives the total number of maneuvers occurring in the 
flight (to a maximum of five) and the time period covering 
those maneuvers. For each maneuver, the following informa- 
tion is given: 

0 Maneuver number 

0 Maneuver time (in seconds from epoch) 

0 Velocity component increments in kilometers per 
second 

0 Vehicle mass before the maneuver 

0 Vehicle mass after the maneuver 

0 Change in mass caused by the maneuver 

0 Coordinate system of the maneuver (1 implies 1950.0 
and 2 implies true-of-date) 

H.9.7 FIiIGHT SECTIONING WORKING FILE REPORT 

This report contains the following information: the number 
of sections scheduled, the section c'rossovef conditions, the 
integration model values, and the section-dependent indi- 
cators and flags- The total number of sections scheduled is 
fikst given. Included in the section crossover conditions 
are the section number, the time into flight, the cause of 
crossover, and the crossover tolerances. The integration 
model values given include the integration mode, the initial 

- step size, and the upper, lower, and nominal truncation 
error bounds. Finally, the section-dependent indicators and 
flags include the central body, the noncentral bodies, the 
integration step mode, the coordinate system type, the 
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reference coordinate system, and the type of integration re- 
start. Also given are indicators as to whether specific 
conditions (such as drag, two-body motion, polar motion, and 
solar radiation 'pressure) have been specified and whether 
special output ha8 been requested. An example of this re- 
port is shown in Figure H-50. 

H.9.8 . PHYSICAL CONSTANTS WORKING FILE REPORT 

In a Data Management Program run. a full report of the phys- 
ical constants working file will be generated. Included in 
this report (see Figure H-51) are the following: 

3 2 
0 Universal gravitational constant (km /sec 

0 Gravitational constant times mass for each 
3 2 requested (km /sac ) 

9 m  1 

body 

0 Mean equatorial radius in kilometers for each body 
requested 

0 Rotation rate in radians per second for each body 
requested 

0 Sphere of influence in kilometers for each body 
requested 

0 Invecse flattening coefficient for each body re- 
quested 

0 Greenwich Hour Angle at epoch for each body 

When the harmonics for the Earth or Moon are reported, the 
information given includes the name of the baldy, the maximum 
degree and maximum order of the coefficients, and values f o r  
the zonal, sectoral, and tesseral harmonics. 

Much of the information contained in this report is a l s o  
contained in the various Initial Conditions Reports. 
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H.9.9 SOLAR/LUNAR/PLANETARY (SLP) EPHEMERIS WORKING FILE 
REPORT 

When the SLP Ephemeris Working File Report (Figure H-52) is 
generated for a Data Management Program run, only a summary 
report is given. The information reported includes the fol- 
lowing: 

0 Date of report 

0 Start time of SLP data 

0 Number of days of data 

0 End time of data 

0 Total number of bodies represented by curve-fits 

0 Corresponding central body, fast body, and slow 
bodies . 

0 Degrees of polynomials for rotation matrix 

0 Degrees of polynomials for fast-body position 

0 Degrees of polynomials for fast-body velocity 

0 Degrees of polynomials for slow-body position 

0 Number of days per curve-fit 

0 Coordinate system reference 

H.9.10 REJECTED STATIONS REPORT 

The Rejected Stations Report appears during the input proc- 
essor interpretation of the input card deck- This report, 
which is printed after the DMOPT subdeck has been inter- 
preted, lists the stations rejected, the number of observa- 
tions associated with each of the rejected stations, the 
index number, and the reason for rejecting the station. An 
example of this report is given in Figure H-53. 
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H.9.11 DETAILED ACCEPT/REJECT CRITERIA 

The Detailed Accept/Reject Criteria Report also appears 
after the input processor interpretation of the DMOPT deck: 
it  summarizes and interprets the edit cards in that sub- 
deck. Two examples of the report are shown in Figure H-54: 
one summarizes the reject criteria, the other summarizes the 
accept criteria, The reports list observation timespan, 
station, object number, ground transponder, (GTDS types, 
mode, rate, and edit frequency. 

H.10 PERMANENT FILE REPORT GENERATION (FTLE'RPT) PROGRAM . 
OUTPUT 

The Permanent File Report Generation Program generates user- 
specified reports of data resident on the following perma- 
nent files: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Astrodynamic (Physical) Constants File . 

Atmospheric Density Models File 
Earth Potential Fields File 
Flight Sectioning Models File 
GTDS Permanent Elements File 
Integration Coefficients File 
Lunar Potential Fields File 
Solar/Lunar/Planetary (SLP) Ephemeri.s File 
Tracking Station Geodetics File 
24-Hour Hold Elements File 
Permanent Maneuvers File 

The reports generated depend on the requested files and the 
level of.detai1 requested. The following sections present 
an overview of the reports available for the various files. 

H.10.1 ASTRODYNAMIC (PHYSICAL) CONSTANTS FILE REPORTS 

The Astrodynamic Constants File contains sets (models) of 
constants associated with the Sun, the Moon, and the 
planets. A full report of the file, as shown in 
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Figure H-55, can be requested via keyword COlUSTRPT to obtain 
the total number of models on the file and the data content 
of the file for each model. The data printed for each body 
includes the gravitational constant times the mass, the mean 
radius, the rotation fate, the radius of the sphere of in- 
fluence, the inverse flattening coefficient, the right as- 
cension of the prime meridian, and the epoch of the Greenwich 
Hour Angle. 

Subsets of this report, such as a specific model or a 
specific body in a given model, as well as a summary of the 
file that includes only text descriptions of the models in 
the file, are also obtained via CONSTRPT (see Figure H-56). 

H.1X1.2 ATMOSPHERIC DENSITY MODELS FILE REPORTS 

The Atmospheric Density Models File contains tables of 
Harris-Priester density values associated with various solar 
flux values. Each table is considered a model. The reports 
available through keyword card ATMOSRPT include a summary 
report of the file and a report of a specific model on the 
file. The summary report (Figure H-57) gives text descrip- 
tions of all models in the file. The specific model report 
(as shown in Figure H-58) provides a table of altitude- 
versus-density ranges. 

H.10.3 EARTH POTENTIAL FIELDS FILE REPORTS 

The Earth Potential Fields File contains sets (models) of 
harmonic coefficients defining the Earth's gravity field. A 

full report of the file contains the total number of models 
on the file and the data content for each model. The data 
printed include order and degree of the field,, zonal, sec- 
toral, and tesseral values, and constants employed in the 
derivation of the data. Model number 1 from the full report 
is shown in-Figure H-59. A subset of this report containing 
data for only one model can also be obtained. In addition, 
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a summary of the file, which includes only text descriptions 
of all models in the file, is available (see Figure H-60). 
The reports are controlled by keyword card EPOTRPT. 

H.10.4 FLIGHT SECTIONING MODELS FILE REPORTS 

The Flight Sectioning Models File contains sets of specifi- 
cations for the sectioning capability in the GTDS integra- 
tion process- Each set of specifications comprises a flight 
section model which includes the number of sections, the 
force model information for each section, and the conditions 
that control the termination of each section. A full report 
of the file provides the number of models in the file and a 
detailed breakdown of the data in each model (:see Fig- 
ure H-61 for one sectioning model from the full report). 
The data include section crossover conditions, integration - 
model values for-each section, and force model and print 
options for each sect'ion. A subset of this report that pro- 
vides a single requested model is also available, as is a 
summary report of the file that provides a text description 
of each model and the number of sections in each model (see 
Figure H-62). Both reports are controlled by keyword card 
SECTRPT. 

H.1O.S GTDS PERMANENT ELEMENTS FILE REPORTS 

The Permanent Elements File of GTDS contains converged DC 
Program elements and related information, plus a directory 
for locating all element sets associated with a particular 
satellite. A report on the directory (Figure H-63) provides 
a summary of satellites represented on the file and the 
number of element sets associated with each satellite. 

A summary report of all element sets for a given satellite 
within a given timespan can be obtained. This report (Fig- 
ure H-64) contains the satellite identification number, the 
element set number, the epoch, the actual elements, and in- 
formation from the DC Program run that generated the 
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elements. A portion of the full element set report is shown 
in Figure H-.65.  All reports of the GTDS Permanent Elements 
File are controlled by keyword card ELSRPT. 

H . 1 0 . 6  INTEGRATION COEFFICIENTS FILE REPORTS 

The Integration Coefficients File provides predictor and 
corrector coefficients for the Cowell integrators for var- 
ious integration orders. A summary report of the file (Fig- 
ure H - 6 6 )  contains a list of all orders represented on the 
file and the number of coefficients dlefined for each order. 
An actual data printout of coefficient values for a re- 
quested order is also available (Figure H - 6 7 ) .  See keyword 
card INTCRPT in Section 4 for more details. 

H . 1 0 . 7  LUNAR POTENTIAL FIELDS FILE RRPORTS 

The Lunar Potential Fields File contains sets (models) of 
harmonic coefficients defining the lunar gravity field. The * '  

reports are the same as those described for the Earth Poten- 
tial Fields File (Section H . 1 0 . 3 )  except that lunar data 
rather than Earth data is reported. A sample summary report 
is shown in Figure H - 6 8 .  A section from the full report is 
shown in Figure H - 6 9 .  Both reports are controlled by key- 
word card LPOTRPT. 

H . 1 0 . 8  SOLAR/LUNAR/PLANETARY (SLP) EPHEMERIS FILE REPORTS 

The SLP Ephemeris File contains coefficients of polynomials 
representing curve-fits of solar, lunar. and planetary or- 
bits and also contains coefficients for use in computing 
transformation matrices. The full report contains a summary 
of the timespan and bodies included om the file, followed by 
a printout of the data associated with each fit. An excerpt 
from the full report is given in Figure H-70. This report, 
which is controlled by matrix order, is generated via the 
SLPRPT keyword card. If a report by body is needed, the 
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keyword card SLPELRPT can be used to generate the SLP Ele- 
ments Report. This report lists the instantaneous elements 
by body at requested times. An excerpt is shown in Fig- 
ure H-71. 

H.10.9 TRACKING STATION GEODETICS FILE REPOR'T 

The Tracking Station Geodetics File contains position and 
specification data associated with tracking stations, which 
may be reported via keyword card GEODRPT. A Eull report of 
the file (Figure H-72) provides a list of all stations 
.represented on the file. The data f o r  each station include 
the station name, number, type, and location in both spher- 
ical and Cartesian coordinates. The ellipsoid model used in 
deriving the station location data is noted, and the con- 
stants associated with all ellipsoid models are defined a t  

the end of the report. 

H.10-10 24-HOUR HOLD ELEMENTS FILE REPORTS 

The 24-Hour Hold Elements File contains elements computed by 
the DC Program and related information. The reports asso- 
ciated with this file are the same as those described f o r  
the GTDS Permanent Elements File in Section H.1O.S; in addi- 
tion, a full report containing all elements for all satel- 
lites on the file is available- The directory (summary) 
report and full report are shown i.n Figures H-73 and H-74, 
respectively. See keyword card ELS24RPT for report control 
information. 

H-10.11 PERMANENT MANEUVERS FILE REPORT 

An example of the format of this report is given in Fig- 
ure H-75. The Permanent Maneuvers file is not presently 
ma in t a ined . 
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H - 1 1  THMODEL PROGRAM OUTPUT 

The THMODEL Program outputs its result to FSF and writes a 
report to the user, Figure H - 7 6  shows the FSF Directory and 
flight section information of a satellite, In addition to 
data such as thrust coefficients, integration stepsize, 
mass, and mass rate, which are specific for a burn, it also 
outputs default values for many parameters as GTDS does in 
the normal process of an EPHEM run for orbit propagation 
through flight sections. The report to the user consists 
mainly of the following three parts: 

0 The EPHEM run report describing the orbit 
propagation from the ignition state to the time of 
burnout, assuming no thrust 

0 The processing output report: at each iteration when 
a new estimated thrust has been applied, including 
the propagator report from the EPHEM Program 
showing all types of system coordinates for the 
initial and end states of propagation (Figure H-77 
shows a sample of this report.) 

0 The final report as shown in Figure H - 7 8  
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DOC- NO1 REV. NO. 
SD-85/6738 2 

e-- 0- F L I W T  SECTION FILE CFSPI ------------------ 
0 I RECTORY 
---I- 

1234547 8 1  0000000 21s 0 0 0 0 0 0 0  44 9 
0000000 133 ' a000000 817 0 0 0 0 0 0 0 1001 
0000000 1185 0000000 1 3 4 9  0000000 1553 
0000000 1737 0000000 1921 0000000 2105 
0000000 2281 OQOOQQQ 7473 000OO00 2657 

F i g u r e  H-76. Sample of THMODEL Program O u t p u t  t o  
F l i g h t  S e c t i o n  F i l e  (1 of 3 )  
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e DOC. NO. REV. NO. 
SD-85/6738 2 

.*******************Q****N********************U************************* 

I 1234517 
YYMMDDHHMkS. SSS 

rn YYMMDDHHMMSS.SSS 
SATELLITE 
NOMINAL LIFT-OFF TIME (GMT) 
ACTUAL LIFT-OFF TIME (6MT) 
TOThL NUHflER OF SECTIONS WRITTEN = 5 

SECTION = 1 ooooooo~ooooooooooooo 
DURATION = O.OOOOOOOOOOOOOOOOO+OO 
MAXDEGEQ 4 MAXORDEQ 4 
THRUST SWITCH * 2 ( ~ ~ O N D  2=OFFl 

P 0.000000000000000000D+OO 
Y 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 + 0 0  
T = 0.000000000000000000D+OO 

DRAG SWITCH = 2 (l=ONs 2*OFF) 
0.0000000000000000000+00 

AS = 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ + 0 0  
ORAS POL = I  

:: : 0.0000000000000000000+00 

SOL RAD SWITCH 2 Cl*ONr 2*OfF) 
MASS O~OOOOOOOOOOOOOOOOOOO+OO 

~~..oo--o~~~o...~-ooo--~o~~.~o~~o~.oooo.-~oooo.~~oo~o~o~~o~o~~oooo~~~~~~ 

DEFINITIONS O F  SOHE ABBREVIATIONS USED IN SECTION INFORHATION8 
MAXDEGEQ = MAXIMUM DEGREE TO BE USED TO EVALUATE NONSPHERICAL POTENTIAL 
MAXORDEQ MAXIMUn ORDER OF THE NONSPHERICAL POTENTIAL 
P PITCH AW6LE (DECREES) Y = YAW ANGLE' (DECREES) 
T rn THRUST 4CtELERATION tKWS2) DOT = RATE 
A 1 4 6  DRAG POLYNOMLIAL COEFFICIENTS 
DRAG POL = TOTAL NUMBER OF DRAG COEFFICIENTS TO BE USED 
AREA = SPACECRAFT CROSS SECTIONAL AREA (KM21 
SOL RAD = SOLAR RADIATION 
FOR INTECRATION STARTERS l ~ H U L T I ~ S T E ? r  2mRUNCtoKUTTA 

~ 0 0 0 . 0 0 0 0 0 0 . ~ 0 ~ 0 0 0 0 0 . 0 ~ 0 ~ ~ 0 . ~ . ~ 0 0 0 0 0 ~ ~ 0 ~ ~ ~ 0 ~ 0 . 0 0 0 ~ 0 0 . 0  

0.0- 

STEP S I Z E  = 0.24000000000000D+02 
INTEGRATION STARTER = 1 

COOT = O.OOOOOOOOOOOOOOOOOOD+OO 
YDOT = 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 + 0 0  
TOOT O . O O O O O O O O O O O O O O O O O O D + 0 O  

A 2  0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 + 0 0  

hREA O.OOOOOOOOOOOOOOOOOOD+O0 

A 4  = O ~ O O O O O O O O O O O O O O O O O O D + O O  
A4 = 0.000000000000000000D+00 

MASS RATE 9 O.OOOOOOOOOOOOOOD+OO 
SECTrON I 2 0 ~ 0 0 0 0 0 0 0 0 0 1 ~ 0 0 0 ~ ~ ~ 0 ~ 0 0 0 0 ~ 0 ~ 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 ~ ~ ~ 0 ~ 0 ~ ~ ~ - ~ - 0 0  

OURATION = 0.10000000000000000+02 STEP S I Z E  = 0.100000000000000+01 ' 
MAXDEGEQ = 4 )IAXDRDEQ 9 4 INTECRATIOW STARTER 1 
THRUST SYITCH I (l=ONs 2=OFF) 

P = 0.171817000000000001D~02 PDOT -.573000000~000000020-01 
* Y * O.l71187000000000006D+O2 YDOT = -.5730000000000000020-01 

A 1  = O.OOOOOOOOOOOOOOOOOOD+OO A 2  = 0.000000000000000000D+OO 
A 3  = 0.00000000000000000OD~OO A 4  = 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 + 0 0  

T 0.2l73912999999999970-02 TOOT = 0 . 4 0 9 1 3 9 9 9 9 9 9 9 9 9 9 9 9 4 0 ~ 0 4  
DRAG SWITCH 2 (1lOND 2-OFF) 

AS = O.OOOOOOOOOOOOOOOOOOD+OO A 1  0.0000000000000000000+Q0 

MASS 0 . 9 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ + 0 5  MASS RATE - .114111100000000+02 

ORAC POL = 1  AREA 0.1112199999999999990-03 
SOL RAD SWITCH = 2 CllONs 2sOFP) 

---. --.- 
DURATION = ~ 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ + 0 0  
MAXDEGEQ - 4 HAXOROEQ - 4 
THRUST SWITCH 2 (l*ONs 2 m O f F )  

P 0.000000000000000000D+00 
Y = 0.0000000000000000000+00 
T = 0.000000QO000OOOOOOQO+00 

ORAC SYITCH = 2 C l=ON. 2=aFF 1 

STEP SIZf = 0.240OOOOOOOOOOOD+02 
XNTECRAT ON STARTER = 1 

PDOT = O . O O O O O O O O O O O O O O O O O O D + O 0  
YDOT = O . O O O O O O O O O O O O O O O O O O D + 0 O  
TDOT . 0.000000~00Q00OOO000D+0O 

A 1 - S -  0.0000000000000000600+00 A 2  0.000000000000000000D+OO 
A 3  O . O ~ 0 0 0 0 0 O O ~ O Q O O ~ O O ~ O + O O  A 4  = 0.0000000000000Q00000+Q0 
AS = O.OOOOO0OOOOQOOOOOOOD+OO ~1 o.ooooooooooooo~ooooo+oo 
DRAG POL = l  AREA 8 0.000000000O00000000D+Q0 

MASS = 0.910000000000000000D+OS MASS R I T E  = O.000000000000000+00 
SOL RAD SWITCH 2 (l*ONs 2mOFF) 

MAXOEGEO = 4 MAXOROEO-=-  -ii 
P = o . ~ ~ z u ~ a ~ a ~ ~ o o ~ o o ~ a ~ o ~ o ~  

THRUST SWITCH 1 (1SONs 2mOFF) 

Y 0.17191317300000001S0+02 
T 0.2173394U1400000001D-02 

ORA6 SWITCH 

STEP S I Z E  = 0.100000000000000+01 
INTEGRATION STARTER = 1 

149 

F i g u r e  H-76. Sample of THMODEL Program Output to 
Flight' Section File (2 of 3 )  
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Figure H-76. Sample of THMODEL Program Output  t o  
F l i g h t  Section F i l e  ( 3  of 35 
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DOC. NO. REV. NO. 
SD-85/6738 2 

1 .  D A T A  t R O n  I X P U T  

S A T E L L I T E  A C X O X Y n :  
S A T E L L I T E  ID: 
n A N E U V E R  MUHBER:  
T I R E  AT IGXITIOX: 
T I H E  AT B U R N O U T :  
HAS3 Or V E M I C L E  AT IGXITIOX: 
HASS OF V E M I C L E  AT A U R X O U T :  
HASS FLOY RATE: 
S T E P  SIZE: 
STATE V E C T O R  AT IGXITIOX: 

X ( K n ) :  -.S684630400D+04 
Y ( K n ) :  0.344742S300D+O4 
2 (Kn):  O.l04365860OD+O4 

STATE V E C T O R  AT B U R X O U T :  

X ( K H ) :  -.S91498S900D+OQ 
Y (Kn): 0.3102383300D+04 
2 (Kn): 0.8324139200D+03 

S A H P L P -  1 
7fS4321 

86091214~3000.000 
8609 12 14.3 100.000 
92000.0000 KGS 
9 lOOO.OOlD0 KGS - 16.666166666 K W S E C  

1.000Q0000 S E C  

XDOT (Kn/S):  -.36S6069400D+01 
Y D O T  ( Y H / S ) :  -.5922437400D+Ol 
ZDOT (xn/s)’: - . ~ S ~ ~ ~ O ~ O O O D + O I  

3. P R O P A G A T E D  STATE 
USING ESTInATED 

V E C T O R  
T M R U S T  

AT B U R X O U T  P R O H  IGXITIOX 
HODEL C O E t r I C I E X T S :  

X (Kn): -.S91U98S900D+04 XDOT ( K n / S ) :  -.365606941UD+Ol 
Y ( K H ) :  0.310238330OD+O4 YDOT ( K J l / S ) :  -.S922U37391D+01 
2 ( K n ) :  0.8324139201D+03 2 D O T  ( K W S ) :  -.3S67606989D+01 

4. D I R E R E X C E  B E T U E P N  TARGET AXD P R O P A G A T E D  V E C T O R S  AT B U R N O U T :  
X ( K H ) :  0.1658499968D-06 XDOT ( K H / S ) :  0.1419064755D-07 
Y ( K n ) :  -.109923~623~-06 YDOT ( K H / S ) :  -.9289287339D-00 
2 ( K t I ) :  -.141213547SD-06 ZDOT (KWS): -.105300S150D-07 
(HISS D I S T A X C E  ( K H )  3 .2439890D-O6 --- HISS V E L O C I T Y  ( K W S )  = .199636SD-O7) 

S. C O X V E R G t X C E  TEST R E S U L T :  PASSED 

6. TOTAL U U H B E R  OF I T E R A T I O X S  AT T I E  END O t  P R O C E S S I N G :  S 

ITERATIOX Of B E S T  I S T I H A T E :  S 

I T E R A T I O X  O U T P U T  TO FSF: S 

F i g u r e  H-78. Sample of THMODEL Program F i n a l  Repor t  
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REV. NO. DOC. NO. 
SD-85/6738UDZ 2 

APPENDIX I - U S E R ' S  CIJIDE FOR THE GTDS RESTDIJALS 
PRINTER PLOT PROGRAM 

The GTDS R e s i d u a l s  P r i n t e r  P l o t  Program (GRPPP) p r o v i d e s  

132-column p r i n t e r  p l o t s .  of t h e  o b s e c v a t i o n  r e s i d u a l s  p ro -  
duced  d u r i n g  a s i n g l e  GTDS DC Program r u n .  T h i s  a p p e n d i x  

d e : j c r i b e s  t h e  user i n p u t  r e q u i r e d  f o r  execu t ing  t h i s  GTDS- 

r e l a t e d  program,  as  w e l l  a s  t h e  o p t i o n s  a v a i l a b l e  t o  t h e  

i i : iec .  The l o a d  module.  c a l l e d  'PLOT,, '  is s t o r e d  w i t h  t h e  

GTDS l o a d  module.  

I n p u t  p a r a m e t e r s  t o  t h e  GRPPP a r e  v i a  NAMELIST 'PLTOP,' 
which  is d e s c r i b e d  Latec i n  t h i s  a p p e n d i x .  A l s o ,  i n p u t  t o  
t h e  program is a R e s i d u a l s  P l o t  Data F i l e ,  wh ich  is FRN 6 2  

i n  b o t h  programs and  is c r e a t e d  by G'CDS whenever  t h e  u s e r  
p l a c e s  a ' 7 '  i n  co lumns  15  t o  17 of Khe SELOUT keyword ca rd  
i n  a GTDS DC run . (SOR o p t i o n ) .  

O u t p u t  of t h e  GRPPP c o n s i s t s  o n l y  of p r i n t e r  p l o t s ,  t h e  con-  
t e n t s  of  which  a r e  c o n t r o l l e d  by b o t h  t h e  r e s i d u a l s  i n  t h e  

€ i l e  and  t h e  v a r i a b l e s  i n  NAMELIST PILTOP. 

The p l o t s  p r o d u c e d ' a r e  X-Y p l o t s .  Tihe h o r i z o n t a l  ( X )  a x i s  

is f o r  t i m e  (HH.MM.SS) and t h e  v e r t i c a l  a x i s  ( Y )  is f o r  t h e  

r e s i d u a l s .  l a b e l e d  a s  t h e  o b s e r v a t i o n  t y p e  and  i t s  c o r r e -  
s p o n d i n g  u n i t .  The p l o t  s ca l e  f o r  t h e  Y-axis  can  be 

m a n u a l l y  a d j u s t e d .  The d e f a u l t  € o r  t h e  Y-ax i s  is  3-s igma 

(of: :;tnnrlard d e v i a t i o n s )  o n  e i t h e r  s i d e  of t h e  u n e d i t e d  re- 
Yirll tals meati. If t h e  r e s i d u a l s  mean and  t h e  s t a n d a r d  d e v i a -  

t r o l l  a r e  riot a v a i l - a b l e  i n  t h e  data file. t h e  proyram will 
SearCfi t h e  unec l i ted '  r e s i d u a l s  and  d e c i d e  t h e  iuaxiiuuin and  

m i n i m u m  st:a.le f o r  t h e  Y-ax i s .  The maximum number of d a t a  

p o i n t s  i n  a s i n g l e  p l o t  is LOO. 
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TO yl l ide  the 1 l :SeK i n  making s e l e c t i o n s  i n  NAI!4IEIJIST i n p u t ,  
the il:;t?r s h o u l d  examine  t h e  'Suminary o€ GTDS R e s i d u a l  P l o t  
F i l e , '  w h i c h  is created a t  t h e  end  of t h e  GTlDS run that  pro-  
duced t h e  Re:;idual P l o t  Data F i l e .  and  summar izes  t h e  batches 

con ta ined  i n  t h e  f i l e  t h a t  a r e  a v a i l a b l e  €or p l o t t i n g .  A 

:;ample siimmary is shown i n  F i g u r e  1-1. 

F i g u r e  1-2 is s a m p l e  J C L  f o r  e x e c u t i n g  the GRPPP. 

The r ema inde r  of t h i s  a p p e n d i x  i d e n t i f i e s  the a v a i l a b L e  
NAMELIST s e l e c t i o n s  and  t h e i r  u s e .  

All s e l e c t i o n s  a r e  made v i a  NAMELIST 'PLTOP.' The u s e r  must ' 

f i r s t  choose one of f i v e  p o s s i b l e  s e l e c t i o n s  (wh ich  a r e  ex- 
c l u s i v e )  ( s e e  F i g u r e  1 - 3 ) .  The f o l l o w i n g  d e s c r i b e  t h e  se--  
l e c t i o n  o p t i o n s  and  t h e i r  l i m i t a t i o n s :  

0 P l o t  all batches  ( A L L  = T) 

T h i s  o p t i o n  a l lows  t h e  u s e r  t o  g e n e r a t e  r e s i d u a l  
p l o t s  f o r  a l l  i n d i v i d u a l  hatches.  The v a r i a b l e s  
involved t o  i n v o k e  this o p t i o n  a r e  !;howti i n  Fig-  

U K B -  1 - 4 .  The p l o t s  a r e  g e n e r a t e d  biattc-h by batch.  

0 Selected by t y p e s  ( A L L  = F. LTYPE = T ,  e t c . )  

T h i s  o p t i o n  a l l o w s  t h e  u s e r  t o  g e n e r a t e  r e s i d u a l  
p l o t s  f o c  u p  t o  f o u r  selected measurement  t y p e s .  
GTDS measurement  t y p e  numbers a r e  u s e d  t o  se lect  
types .  The v a r i a b l e s  i n v o l v e d  t o  i n v o k e  t h i s  o p t i o n  
a r e  shown i n  F i g u r e  1-5. The  p l o t s  are cJene ra t ed  
b a t c h  by ba tch  €or t h o s e  selected measurement  t y p e s .  

0 Selected by sets ( A L L  = F ,  LSET = T,, e t c . )  

T h i s  o p t i o n  a l l o w s  t h e  u s e r  t o  g e n e r a t e  r e s i d u a l  

p l o t s  f o r  u p  t o  f o u r  selected se t s .  The d i f f e r e n c e  
be tween ' s e t '  and ' b a t c h '  is  t h a t  i n  t h e  GTDS RE- 

SIDlJAL PLOT FILE two  sets b e l o n g  t o  t h e  same ba tch .  

1-2 
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S e  lec t 'ion. _ _  

IJniversa'L 

N a m e  Fo r ilia t 

Z * l  (T o c  F )  

- - Note  

= T. 
= F ,  for o t h e r  Op- 

Lo p l o t  a l l  se t s  

t ions 
M a  nua 1 in i t i  i niutn f o c 
artgle 1 
defat11 t = -0. ZDO 

( d e w  

IJ t i  ive  r sa 'I. ANGLMN R * 8  

ANGLMX R * 8  

ANGZMN R * 8  

Univecsa'L M a  nua 1 iika x i i~um f o c 
a n g l e  1 
d e f a u l t  = 0.3DO ( d e c ~ ) '  

Manual minimum f o r  
ang le  2 
d e f a u l t  = -0.3DO 

Ma nua 1 ma x i mum f o r 
ang le  2 

Manual m i i n i n u m  f o r  
Doppler  
d e f a u l t  = -500.DO 

Manual maximum f o r  
Dopp le r  
d e f a u l t  = 1 0 0 0 . D O  

GTDS t y p e  numbecs 

S t a r t  s e t  number t o  
be  p l o t t e d  w i t h i n  
t imespan  
d e f a u l t  = 0 

S e t  ID nuinbers 

L a s t  se t  nuinber t o  
be  p l o t t e d  w i t h i n  
t i in(? s pa t i  

= T, t o  p l o t  by s e t s  
= T. t o  p l o t  by time- 

(deer) 

ctetdult = 0 : 4 D O  ( d e q )  

(Hz) 

(Hz) 

d e f a u l t  = 1000 

s p a n  

Universal  

ANGZMX R * 8  

DPGRMN R*R 

Universa l  

Universal  

I 

Un ive r sa  1 DPLRMX R*8 

IDATYP(4) 
IFRST 

1*4 
I*4 

Type. time 
Time 

K8ET ( 4 ) 

LAST 
1*4  

I"4 
S e t  

Ti tne 

GSET 
LT IME 

I * l  (T o c  F) 
I * L  (T o r  F) 

S e t  

Time 

t h e  V a r i a b l e s  F i g u r e  2 - 3 .  Siiinmnry of 
(1 of 2 )  

i n  t h e  NAMELLST PLTOP 

1-5 
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- Nn me Fo cma t S e l e c t i o n  -- Note - 
LTRKR I * l  ( T  o r  F )  T r a c k e r  

LTYFE 2 * 1  (T O K  F )  Type 
MANUAL Z * 1  ( T  O K  F)  Universa l  

NSET L*4 

NTYPE 2*4  

S e t  

Type ,  time 

N6 TCMA 1*4  IJniversal  

NTRK.R 
RANGMN 

RANGMX 

RRATMN 

2*4 

R*R 

R * 8  

R"8 

RRATMX R* 8 

TRKER(4) C*4 
TSTART R * 8  

TSTOF R*8 

T r a c k e r  

Un i ve r sa 1 

U n ive r sa 1 

Un ive I: sa 1 

. '  
Un ive r sa 1 

T r a c k e r ,  time 
Time 

Time 

= T. t o  p l o t  by 
t r a c k e r  

= T, t o  plot by  t y p e s  

= T, t o  se t  y-scale  
manua 1 ly 

HOW many s e t s  t o .  p l o t  

How Inany t y p e s  t o  
p l o t  

Mean + nsigina * 
dev: max(y) 
mean - nsigma * 
dev: m i n ( y )  
d e f a u l t  = 3 

How many t r a c k e r s  

Manual  minimum f o r  
r a n g e  
d e € a x i l t  = -50.DO ( in)  

Matiual maximum f o r  
r a n g e  

Manua l  minimum f o r  
range- r a t  e 

d e f a u l t  = 50.DO (m) 

d e f a u l t  = -50. DO 
(m/s) 

Manual maximum f o r  
range- r a t e  
default = 80.DO ( W s )  

Trac'ker  s acronyms 
S t a r t  time of time- 
s p a n  

End t i m e  of t i m e s p a n  

d e f a u l t  = O.DO 

d e f a u l t  = 'L.D30 

Fiyure  1 - 3 .  Siimmary of the V a r i a b l e s  i n  t h e  NAMELIST PLTOP 
( 2  of 2 )  
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FOK example.  TDRSS, rairge. and  Doppler  d a t a  are i n  
one  se t .  w h i l e  t h e  a n g l e  da ta  a r e  i n  a n o t h e r  s e t ,  
b u t  t h e y  a r e  i n  t h e  same batch.  The v a r i a b l e s  i n -  
v o l v e d  t o  invoke  t h i s  o p t i o n  a r e  shown i n  F i g -  
u r e  1-6 .  The p l o t s  a r e  g e n e r a t e d  b a t c h  by batch.  

0 Selected by t r d c k ( ? r s  ( A L L  = F ,  LTRKR = T,  etc.) 

T h i s  o p t i o n  w i l l  a l l o w  t h e  usc?r t o  generate re- 
s i d u a l  p l o t s  f o r  up t o  four selected t r a c k e r s .  The  

va r i ab le s  i n v o l v e d  t o  invoke  , t h i s ;  o p t i o n  a r e  shown 
i n  F i g u r e  1-7. The p l o t s  a r e  g e n e r a t e d  b a t c h  by 
b a t c h .  - 

0 Selected by t i m e s p a n  (ALL = F ,  LTZME = T ,  e t c . )  

T h i s  o p t i o n  w i l l  a l l o w  t h e  u s e r  t o  s e l ec t  a d e s i r e d  
t i m e s p a n  f o r  up t o  f o u r  o b s e r v a t i o n  t y p e s  and  t h e i r  
a s s o c i a t e d  t r a c k e r s .  I n  each p l o t  a l l  the o b s e r v a -  
t i o n s  w i t h i n  t he  d e s i r e d  t i m e s p a n  and  be tween  t h e  

selected set  r a n g e  w i l l  be  p l o t t e d  f o r  a n  obsecva -  
t i o n  t y p e  and  i t s  a s s o c i a t e d  t r a c k e r .  The v a r i -  

0 ables  i n v o l v e d  t o  invoke  t h i s  o p t i o n  a r e  shown in 

F i g u r e  1-8. 
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